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.telement count while maximizing the rejection of high frequency grating

lobes, It is shown that the slab loaded element results in 21 percent fewer
phase and frequency control per unit array area than an alternate diplexed
wide band element dual frequency concept for a scanning array operated
over 15 percent bands centered at 4 and 8 GHz,

The radiation and coupling properties of the array element are developed
from a scattering formulation of the feedguide - free space discontinuity
for the fully excited infinite array, Comparison of theoretical performance
for triangular and rectangular grid configurations shows that considerable
improvement in high frequency grating lobe rejection is obtained from the
triangular lattice,

To characterize the transverse aperture fields, a complete modal
description of propagation in the inhomogeneously loaded guide is obtained
through a component-by-component comparison of the degenerate eigen-
functions of the structure, -

Simulator measurement 'df an element designed to provide 60° scan
coverage over 15 percent bands centered at 4 and 8 GHz shows excellent
agreement with theoretical predictions for main beam gain loss in the
measurement bands 4, - 4, 32 GHz and 7,36 - 8,08 GHz. Over the remain-
der of the operating bands, the agreement is assumed to be equally close,
Initial experimental design data for unidirectional stripline fed notch is
presented. The notch probe is shown to resuli in better than 2:1 mismatch
over greater than 10 percent measurement bands when looking into load
terminated twin slab feedguides, and greater than 50 d B probe isolation
over the 4 GHz band, Over the 8 GHz, probe isolation is approximately

12 dB and remains a problem for future design efforts,
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EVALUATION

1. This report is the Final Report of Contract F19628-75-C-0197.

It covers the analytical and experimental investigations of the

bifurcated twin dielectric slab loaded rectangular waveguide dual

frequency array element.

The report describes analytical studies

of the infinite array and documents operation at two 15% frequeﬁcy

bands centered at 4GHz and 8GHz.

experimental results and examination of the strip-line fed notch exciter

which is used at both
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1, [IWTRODUCTION AND SUMMARY

This report sunmarizes the analytical and experimental

investigations of the infinite array radiation and coupling

properties of bifurcated twin dielectric slab loaded rec-

tangular waveguide dual frequency array elements(l) con-~

ducted under Contract F19628-75-C-0197. Specifically,

the report presents:

.The complete analysis of the element in infinite
array configurations.

Theoretically, determined element/grid design
trade-off conclusions, leading to a proposed
configuration for operation over 15% bands
centered at 4GHZ and 8GHZ.

.Experimental verification of the analytical

results and the examination of a unique strip-
line fed notch antenna mode exciter.

.The computational details and computer programs
developed during the study.
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The bifurcated twin dielectric slab loaded rec-
tangular waveguide dual frequency array element shown
in Figure 1 is a unique concept for providing simul-
taneous aperture usage at two widely separate frequency
bands. At low frequency both upper and lower halves
of the waveguide are excited in-phase with equiamplitude
signals. For moderate slab loading (assuming relatively
thin slabs) this array will behave similarly to a rec-
tangular waveguide array excited in the TElO mode with
scan behavior associated with these elements in the
basic lattice (either rectangular or triangular). At
the high frequency the first odd and even half-waveguide
modes can be independently specified such that four
phase centers are defined; within a single low fregquency
cell the fields are confined predominately to the slab

regions.

For practical array designs, the low and high
frequency lattice cells are identifical, and the prin-
cipal element/grid design trade~off is to minimize the
number of phase centers (or phase shifters) while main-
taining main beam purity and gain over a specified scan
volume, particularly in the high frequency band. Con-
sequently the lattice is selected such that element
spacing is not optimum for either band, but presents

the best compromise of element count versus grating
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Figure 1. Bifurcated Twin Dielectric Slab Loaded Rectangular
Waveguide Element in Triangular Grid
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lobe free scan volume in the high frequency band. At
scan conditions for which high frequency grating lobes
are entering or present, the multimode aperture excita-
tion is adjusted (slightly) to cancel the grating lobe.
These considerations are treated fully in Section 2
which gives details of the analysis of array performance,
and section 4 which summarizes design tradeoffs and ex-

perimental results.

The application of the twin dielectric slab
loaded element to dual frequency aperture sharing follows
from the unique propagation properties of the inhomo-
generously loaded structure. The symmetric loaded guide,
shown in Figure 2, is inherently wideband. At sufficiently

low freguency, a single guide mode (the LSE mode) propo-

10
gates and has an electric field distribution somewhat
broader than the homogeneously loaded guide TE10 dis~
tribution. As frequency is increased, the LSE20 mode
enters, having electric field distribution similar to
the TE,, distribution of the homogeneously loaded guide.

Concurrently, the LSE distribution begins to develop

10
a minimum along the guide mid-plane. At sufficiently
high frequency, the distributions become essentially
identical; except for symmetry about the mid-plane, and

the ratio of longitudinal wavenumbers approaches unity.
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By appropriate selection of guide, slab permittivity,

and operating points such that only the two modes propa-
gate, the guide will simultaneously support a single
propagating low frequency mode with phase center at the
midplane, and a conglomerate high frequency distribution
with two independent phase centers at (roughly) the slab
centers. The analysis of propagation in the inhomogenously

loaded guide is given in Section 3.

In general, he dispersioun in the inhomogeneously
loaded guide is not linear in frequency. Consequently, the
use of a bidirectional exciter requires load terminations
at the back of the guide to ensure the proper aperture
field phase at both frequencies, and results in a 3 dB
power loss. This difficulty is alleviated by a unique uni~
directional exciter consisting of three stripline fed flared

(2,3,4) inserted into the back of the feed-

notch antennas
guide in suc h a manner as to provide a minimum of 25 dB
frequency band isolation. Preliminary experimental investi~

gation of this exciter design concept was begun during this

study, and is discussed in Section 5.

Four appendices are included. Appendices A, B, and C
give the details of the analysis. Expiicit expansions of
modal coupling coefficient integrals are given in Appendix A.

In Appendix B, the derivation of the differential equations
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relating feedguide modal fields is given. And in Appendix
C, explicit expressions for feedguide mode orthonormaliza-
tion incegrals are given. The remaining appendix gives
complete listings of all programs required to reproduce the

numerical results given in this report.
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2,0 ANALYSIS OF INFINITE PHASED ARRAYS
‘OF BIFURCATED TWIN DIELECTRIC SLAB LOADED RECTANGULAR
WAVEGUIDE DUAL FREQUENCY ELEMENTS

In this section, the formal solution for the radiation
properties of the element in infinite array configuration
is presented. The unique property of the bifurcated& twin
dielectric slab loaded rectangular waveguide dual freg-
uency array element is that it possesses five phase centers:
one, associated with the low frequency band operation; and
the remaining four, with a high frequency band. By appropri-
ate exciter design, the element can simultaneously operate
over both bands.

The basic element is shown in Figure 3. Arrays are
formed by stacking these elements in rectangular or tri-
angular grid configuration. The element consists of a
rectangular waveguide bifurcated in the E-plane by a
septum of thickness 4. Outer dimensions are Dx and Dy, and
inner dimensions, A and B', where I%{and A are associated
with the .x coordinate. Four half height lossless dielectric
slabs of thickness § and relative dielectric constant €,

are located at distance o + §/2 {on center) from the narrow

1
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walls. At low frequency, a phase center is maintained at

the element center (i.e., over the septum) by exciting the

LSElo mode egually in the two half guides. At high freg-

uency, four independent phase centers, at roughly the four

slab centers, are formed by appropriately exciting the .
and LSE

LSE modes in each half gquide.

10 20

When the elements are arrayed in a rectangular grid

TRTEY JUTIDN EPLAPRE | RIS T I ORI - TR L L0 SIOC NP VUSRI

the element lattice vectors, s; and s, are as shown in
Figure 4a, provided the septum thickness, s , is not equal 3
to(Dy ~-BY/A. When 4 =®y —B')é,the low frequency lattice is

as shown in Figure 4a, and the high frequency lattice is
as shown in Figure 4b, When arrayed in a triangular
grid, the lattice vectors are defined as in Figure 5.
regardless of operating frequency or septum thickness.

In section 2.1, the formal solution for active array
element pattern is given. The method of solution is
similar to that developed by Lewis, et gl(s) for the
analysis of a parallel plate array with protruding dielec-
tric. In the present work, the formalism is extended ;
to two dimensional array. cells, and the unique dual freg-
uency unit cell geometry is accounted for. In section 2.2
numerical results are presented and particular attention -3
is given to the disposition of high frequency band grating

lobes. Discussion of grating lobe suppression is deferred
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to section 4.1. In section 2.3, numerical results are
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checked against published data for several limiting geom-

etries.
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N

2.1 Active Array Element Pattern

S LT O PTHRY

The active array element pattern is determined from

S a6 M A%t s Kk S

a unit cell formulation of scattering at the feedguide

Al

i

free space interface. The interface is taken as coincident

-

with the z = 0 plane, with the array elements occupying

the z < 0 half space. The scattering matrix, §, which
relates feedguide modal voltages to the modal voltages of

the space harmonics, in the manner indicated by the network :

B R S P R S e Ry

in Figure 6, is obtained by matching the transverse-to-z

fields in the cell across the interface. The field matching
is accomplished via Galerkin's method, from which the scat- 3
tering formalism follows directly. Active array trans-

mission coefficient is then obtained from the network.

In the following discussion, the assumed cell configuration

¥ e A ol
LA

I
‘a

is that shown in Figure 4a. The extension of these i

o Tk
.

results to either of the other two cases is straight

#
i
)
K

forward.
For the configuration of Figure 4a, the unit cell
perimeter may be taken as coincident with the element

outside perimeter. Thus, the unit cell overlays two
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independent aperture regions and the modal representation

of total transverse~to-z electric and magnetic fields at

R i S Ll

z = 0- is given as

<
§V<j§i(§)

(1) E (s)
t J

U(y)Zv,. e (s) +U(~-y)
1

(2) Hy (s) U‘Y’§I>iﬁi>(§) +U(-y) BT hi (s)

J

VRS LR AP MRk A i LA

where

OV TR

1,5>0 :

Al

(3) U(E)=

Kk

)

0,£>0

R 2 it el S

et

The subscripts > and < are used to distinguish the two

aperture regions. V>i and I>i are modal voltage and !
< 3

current coefficients, and are related by

AT R TR B T

T TR

L B TR TR

(4) I, =Y. V_.

!m
N
N
N

%

where Y  is the modal admittance of the itn aperture
<i
mode, and the single ordering index i is used to simplify

notation. The mode functions e and h are given in

2
*
2
4
>
7
1
:

section 3.1.

15

. v S L N N a e



LRt o i R L A

N PR R

BRI s % g

H

S PRTR TR

e

At z =0

+

transverse=to-z fields, over the full cell, is

(5)

(6)

where (6)

(8)

(9)

(10)

(11)

E:(i)

+4
Hy(s)

Ktpq™

k

+k
xpgZo" ypgio

r v
pqr

apqrapqr (&)

} Lpgriapgr (&
pgr pq Pq

(8) = [(2-£)ky  +(r-1)k

k
for E modes with respect to z

for H modes with respect to z

ai +si
ksinb  (cos¢ x +sin

+pt,t+gt:

k = ksxneocos¢o+pt1x + qtzx

Xpq

T T
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, the unit cell guide representation of
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e N 6 15 DRI it s e =

R A = “FﬂWﬂrwmwn‘zrmwmamW«@Mw.,,,_._ O

‘l

[
&
§ :
¢ 3
§ k = ksin® _sin¢_ + pt + gt ]
g t.* s. = 206,., 1,3 = 1,2 '
g (13) ~=1. ___J l]’ IJ ’ , i
:
;‘ =
(14) c = |sixs;|
: Sij is Kronecker's delta, 8, are the lattice vectors,
E as shown, for example, in Figures 4 a,b, and 5, and
; 9 and ¢, are the spatial look angles. The mode function
. . . " .
; normalization is taken such that Vapquapqr is power, and
P such that the modal voltage and current are related by [
k
I =Y vV t
Z (15) apqr apqr apqr &
E) 53
4
j where Yapqr is a modal admittance, given as é
»’ (16) apqr K .
: 2pq’KoTo? T =
E ko = 2[/X is the free space wavenumber and o is the
I 3
? free space impedance 377 ohms. The indices pgr and pdq, !
: which appear explicitly in equations ( 5) through (12)
will henceforth be replaced by the single index o.
Matching transverse fields at the aperture plane of i
the unit cell gives i
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U(y) IV, ez (s)+U(-y)IV_.e2(s),

IV_e_ (s) 1 J <

17) =3 =

( g a07ag 0, elsewhere in the aperture
and

(18) §Iaohao(§)=U(y)§I>igi(8)+U(-y)§I<j§§(§),

in the aperture

Approximate solutions for the parameters of the network in
Figure 6 are obtained when the modal series are truncated.
As a result of the truncation, the continuity equations
(i.e., eguations (17) and (18) can no longer be exactly
satisfied, and vector error terms A; and A, must be inserted

to restore the equality. These error terms are given as

I J
zovad_e,ao(i) ~U(y) 1.7‘_V>igi(§-) +U(-y)3§ V<ji§(§) ,
(19) by =

in the apertures

M
W, 8a5(S) s elsewhere

5 ao=a
and

M I J <
(20) _A_2=Gz:raor_1_ao(s)-u(y) iZI>i13§(§_) -U(-y)§1< jf.lj (s),

in the apertures,
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It is now required that the projections of A, and A; onto
the appropriate modal spaces be zero.

The domain of definition of §Z(§) is over the entire
unit cell, and the domain of E_(s) may be artificially
extended over the metalic portions of the cell. Thus, the
domain of A; is the unit cell, and the modal subset span-
ning the space are the Qaa(g). Requiring orthogonality of
A, to the Qa(g) and performing the inner products over the

cell results, after manipulation, in
(21) Vo= EV, +EV
>

where gcis a matrix of coupling coefficients, the elements

of which are given as

22%
(22%) £

Q AV

>
L= /iAg_;(gw(g*(g)xgo)
1/2 cell z

The elements of the column vectors V., are the feedguide
modal voltages. )

The domain of definition of A; is over the aperture
only. Therefore, the appropriate basis spanning this space

is formed by the concatination of the trunicated modal

fComplete expressions for E are given in Appendix A

Q AV

,i
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sets which individually span only one or the other £ the
aperture region spaces. Such a basis may be represented
by the partitioned vector B(s), given as
>
(23) _ .
B(g)={ ——p—
U(-yle.(s)
L J
Requiring orthogonality of A, on the space spanned by
B(s) results in
>
AS
l)i -
24 Sliesey )=l ——
L) =
2
where )\ are submatrices of coupling coefficients, the
elements of which are given as
2 2
(25) Ao = / dalh_(s)xz ]1-e,*(s)
1/2 aperture 2
Since the g;(s) and g;(g) may be artificially extended to
individually span the appropriate entire half cell,
20
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>
< _ ],
(26) A o= E

It is convenient, then, to define the partitioned vector

V such that

(27)

1<
]
|<%1|<

and the partitioned matrix E as
(28) E=(E|EY

Then, the voltage and current equations, (3-21) and (3-24),

respectively, take the form
(29) v,=EV

(30) I= E*tla
where the asterisk denotes conjugation and the t denotes the
transpose operation.

The vectors V, V., I, and I_ in equations (29) and

(30) are total modal voltages and currents. Using the

conventions established for the network in Figure 6,
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assuming that all external sources ara zero (i.e. y'

S0,

and manipulating equations (29) and (30) results in

U LA

an expression for feedguide reflected field vcltage coef-

HMTNTE

ficients, y’, in terms of the active modal excitations,

+ .
V', given as

EL AR T S S

; ‘ (31) y_" = {2[Y + E*tY E]-lY-l}_Y_+

A where 1 is the identity matrix.

Iet the scattering matrix of the network be defined

RRIE LA PO AR G T

by

(32)

< i<
o+ |
Ho i
N
fln i
»n [
N N
S
e e O <
[

o

where the scattering blocks have the usual meaning. Then,

T aF NERT TAT e T TR A R e T R R

from equation ( 31)

m

(33) Sir 20y + gxt

%&
i

and from equation ( 29)

(34 S,7 EQL + 511)
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In more standard array configurations, the feedgquide
and aperture are designed for single feedguide mode propa-
gation in a single frequency band. 1In these configurations,
the active array reflection coefficient is simply the one
element of gll corresponding to reflections in the domin-
ant mode. Defining that matrix element as T(eo’¢o), norm-

alized active array element gain pattern is

2
(35) ge(901¢0) = (1 - lr(eo,(bo)l) cosb,

provided no grating lobes have entered real space. Follow-
ing the entrance of the first grating lobe, it is necessary
to track the propagating beams individually, and the

th

relative power in the o beam due to the single excited

mode (i=1) is

2
(36) P (Bgrdg) = [T (Bardo) | Y, /Yy

where Tc(e'¢) is the (o¢,i)th element of the partitioned
block S2;, and e0 and ¢0 are the actual location angles of

the oth be am.
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E §s
g Active array element pattern is defined in a different :g
manner for the array of bifurcated twin dielectric slab loaded '
; rectangular waveguides. In this instance, the aperture is
always considered to be multimode. 1In the low frequency ;
th, | . :
range, the LSE10 mode (ordered as the 1t } is excited 4
4 equally, in amplitude and phase, in both regions of the aper- . :
.
1 ture. Consequently, for an I-mode feedguide aperture field
1 approximation in both upper and lower regions, the power in ;
. the main beam, o=m, is given, for principle plane scan¥*, é
3 3
3 as ,
3 i m,i+I 2 4
(37) P (80,00) = 1/2)821% (80,00) + S2477 (80,00)| Y /¥,
g i where sTil(e,¢) is the (m,i)th element of 221' and thea E
3 10 feedguide mode is the propagating LSE,, mode. By the :
definitions in equations (27), (32), and (34), j
? s?{i (60,90) is the voltage transmission coefficient for coupling ?
; from the ith mode in the upper aperture region to the th ;

!

Equation (3-37) is strictly valid only for 6,#0 and -
in the principle planes (¢=0,1, or ¢=0I/2, 3N/2). For all
other scan planes (and at broadside), the total power in the
main beam is the sum of the powers in the dominant (p=g=0)E
and H modes.
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. m,i+I | . .
beam in free space; and S;| is the voltage transmission

th th

from the i mode of the lower aperture region to the m
beam*,

Active array reflection coefficient is also obtained
via superposition. For the multimode aperture configuration,
it is necessary to independently track all propagating waves
in the feedguide. Hence, for low frequency excitation,
the total reflected power in the LSElo mode of the upper
aperture region is given, for any scan angle, as

. ’ : ‘ 2
(38) R”(80,00) = 1/2|8*" 1 (680,00) + ST4**1(80,00) ]

For the lower aperture region, the reflected power is

i+T,1 i4+T,i+ 2
(39) R (00,00) = 1/2[5 T  (00,00) + s3TE 1 (0,,00) ]

where Sfit(eo,¢o) is the voltage scattering coefficient

from the rth aperture region mode to the tth

aperture region mode.
It is evident from these two equations that the reflected

powers in the two regions are not necessarily equal.

Indeed, it is found that for low frequency excitation,

R>(90,¢0) equals R<(60,¢o) only in the H plane of scan.

*It is assumed that the mode ordering in the two aperture
regions is the same. This assumption will carry through
the remainder of the report.
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As an example, reflected power is shown versus E plane
scan angle in Figure 7, The element is a WR187 guide with
.250" thick slabs of ar=9 dielectric located .450", on center,
from either narrow wall and with a .032" septum.

The operating frequency is 2.5 GHz. There is considerable
difference in reflected power between upper and lower

regions throughout the scan range .17 <sin8<.95. Consequently,
low frequency excitation of the upper and lower regions of

the element from a common post phase shifter feed point, ar

is desireable for several low frequency feed concepts, will
produce an imbalance at the outputs of the power divider net-
work. Since the impact of this effect on feed and exciter
design is beyond the scope of this study, it will be given

no further consideration in this report.

At the high frequency band, the element is excited
such that four independently controllable phase centers are
distribtited in the aperture. To maintain this phase center
distribution, four propagating modes, two in each region,
are excited. The modes are LSE10 and LSEZO‘ For sufficiently
high frequency and dielectric constants, these two modes have
nearly equal dispersion. In addition, to a crude approxi-

mation, the modal field distributions, e;io and e;zo differ
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only in symmetry and behave like |sin(2ilx/A)}and sin(20x/A),

10 and LSE20 modes of the

upper aperture region with voltages

respectively. By exciting the LSE

> .
(40) V; = V] = cos(.ZSkODx51neocos¢o)

and
> . .
(41) Vo=V, = jSln(.ZSkODxSlneoCOS¢O)

respectively, and the modes of the lower aperture region

with voltages
42 Vs = Vy = V] explj 9.5k B'sin6 _sin¢ ]
(42) 3 = Vi = Vi explj).5% B'sin® sin¢
and
< > , . :
(43) Vy= V, = V2 expl] 0.5§)B§1n6051n¢o]

the four phase centers are established a. roughly, x = +A/4

in each region. The beam is scanned to (60 ¢o).
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As for low frequency, the normalized power in the
high frequency propagating beams is determined via super-
position (i.e., using equation (29)). The total power

delivered is

2 S 2
(44) P = 2[Y)|Vy] + Y,|V3| 1= 2[Y;+Y,]

th

The power in the ¢ beam is therefore, given as

4 G, i 2
(45) * PO(60'¢0’) = |E lszi (eo'd)o)vil YaO/P

l:
where the ordering of the elements of g* has been altered
to simplify the eguation. Taking the same liberty with
mode ordering, the power reflected in the jth mode

(j = 1,2,3,4) is given as

4 . 2
= el
(46) Ry(O5000) = 1 2 147 (6,,0,)V; | ¥ /P

2.2 Numerical Results

In this section, numerical results are presented
for several element and grid geometries to illustrate the

principle performance cuaracteristices ui tue wifurcatea

*See footnote to eguation (37) .
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twin dielectric slab loaded rectangular waveguide dual freg-
uency array element. Element/grid design is discussed more
fully in section 4.

For purpose of discussion, it is convenient to present
performance data in a somewhat unusual format. Rather than
present realized gain pattern, (i.e., normalized directive
gain) power transmission coefficient is given for each
radiating beam. The advantage gained by this form of pres-
entation is that it allows a direct comparison of the power
in the radiated beams. If P0(60,¢O) is the power associated

with the cth

beam when the main beam is scanned to (64,9%,),
then the directive gain of this beam is proportional to
P0(60,¢0)coseo. Consequently, for a given scan angle, com-
parison of beam directive gains includes the comparison of
projected aperture at the various beam locations.

Data are presented for rectangular and triangular grid
configurations. Two elements are discussed: a WR187 guide
with .250", er=9 slab loading; and a WR137 guide with .125",
€= 4,75 slab loading. The former is operated at 2.5 GHz
(kA/2=1.246) and 6.0 GHz (kA/2=2.990). The later is operated
at 4 GHz (kA/2=1.463) and 8 GHz (kA/2=2.926). The dimen-
sions of the elements are given in Table 1. In the

following, the elements will be distinguished by the WR

number of the rectangular guides.
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WR187
€ =

2.000
1.000
1.872
.872
.032
.420
.325
.361
.250

Table 1

WR137

€= 4.

1.500
«750
1.374
.622
.032
.295
.281
.281
. 125

75

or

or

or

.960

.832

.400

Dimensions (in.) of WR187 and WR137 Elements
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The grating lobe diagrams for the four grids are shown
in Figures 8a,b,c,d. Each diagram shows the near in
grating lobe locations for the two operating points. Low
frequency grating lobes are indicated by solid boxes,
and high frequency lobes, by solid dots. What is immediately
obvious from the figures is that the triangular grid provides
a grating lobe free scan region for all directions in the
plane at high frequency. One consequence of this is improved
high frequency broadside match, as is shown below.

Figures 9 through 12 show power transmission
coefficientin the principle planes at low frequency for
each of the four grids. In the scan range sinf,<.95, no
grating lobes enter, as can be seen from the grating lobe
diagrams in Figure 8. In general, the performance of the
four configurations is the same. There is some improvement
in scan coverage of the WR137 element over the WR187 element,
but the difference is not large enough to show up on the
scale of the figures. In the E-plane (sin¢= 1.0), the

1/25  out to 60° - the WR187 element

fall off is nearly cos
shows slightly greater scan loss. 1In the H-plane, the scan
loss exceeds cos:/ze by approximately .5 db at 0=60°. As
might be expected, the performance of the rectangular and

triangular grid configurations, as measured by power trans-
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Figure 8. Grating Lobe Diagrams for WR187 and WR137 Elements
in Rectangular and Triangular Configurations
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mission coefficient, is not distinguishable, ane grid from
the other.

In Figures 8a and 8c, the high frequency grating
lobes of the reztangular grid configurations are shown re-
siding in real space for the no scan condition. In this
situation, a broadside power loss occurs, and a high farout
sidelobe condition is created. To a certain extent, the
power delivered to these lobes can be reduced by introducing
a complex, multiplicative correction for the voltage excita-
tion coefficients, V, and V4, given by equations (41)
and (43) 57) Ideally, this correction is independent of
scan and frequency (for small bandwidths). Typical
grating lobe levels, with and without the correction, are
shown in Figure 13 for a thin walled element in a rec-
tangular grid. Without correction, grating lobe levels reach
-16.7 db. With the multiplier 1.164 - j.291*, the maximum
grating lobe level is =-20.4 db, and beyond sin6,=.3, the
level is below =25 db. Differences in the main beam due to
the two excitations are too small to be represented in the

figure.

*The case shown here is supplied by R. Mailloux, the multi-
plier 1.164 - j.291 was also found suitable for the
WR187 element in a rectangular grid.
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By configuring the WR187 and WR137 elements in triangular

lattice, the difficulties encountered due to the location

2 of the high frequency grating lobes are largely eliminated.

Wt BT AP,

Figures 8b and 8d, show the disposition of high freq-

PRI B )

uency grating lobes for triangular grid. No grating lobes
enter real space along any cut plane for sin6,<.391.
In thz principle cut planes, only the main beam is propa-

gating out to sin6,=.820, or nearly 60° scan.

G R LR

For wide angle scan applications, the triangular grid

Ry

Erimvi]
p

configuration does not fully eliminate the necessity for

the type of excitation correct-on described above. Consider

% Figures 8¢ and 8d. The (1,0) harmonics of the structures é
g follow the same track for E plane scan, and while they are E
% in real space, one is the image of the other, reflected %
g i about the er/ko axis. Hence, for the same voltage correc- é
g tion term, roughly the same amount of power will be dumped é
% in the triangular and vectangular grid lobes when the §
g E plane scan sines, sinet and siner, respectively are E
§ related by |
:

gf (47) siner = A/D_ - sin®

3 Y t

This is illustrated in Figure 14 for the WR1l37 element

AL &

operating at 8.64 GHz. Both E and H mode space harmonics

are shown. It is clear from the high power levels shown in

B Ut ST UK TN UV N T AY S S S

the figure that grating lobe control is required for either

RS

i_
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grid type, even though the cose0 beam brcadening factor is

S PR PO R

less than .4 throughout the scan range.
Because of the high grating lobe levels obtained

for the rectangular grids, there is significant (approximately

P Ak AL iy |

.1 db) main beam loss at broadside relative to main beam
levels obtained for the triangular grid. For the WR137

element, the difference is .13 db. A comparison of principle

TR P 175 T TG

plane main beam levels for the two grids is shown in Figures

15 and 16 . The operating point is 8 GHz. In the H

plane, Figure 15, the beams show the .13 db difference at

1

broadside, and smoothly coalesce. In the E plane, Figure
16 , there are sharp jogs in the curves. For the rectangular
grid, the jog occurs as the grating lobe pair exits from

real space. For the triangular grid, the sudden power loss

at sinfy = .82 is due to the grating lobe pair entering
real space. The main beam falloff is slightly greater than

cosl/zeo for both grids in either plane.

T R TR AR TRRTRR A LAt TR e R T R T AT TR T

R AT,

2.3 Comparison with Limiting Cases

AR labaa Al )
K5

To check the analysis, and in particular the details

E'?‘YW

)

of the computational procedure, several limiting cases have

been examined. For these cases, the slab dielectric con-

S g T e

stant is set to er=1 and the LSElo mode is independently

-
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excited in the upper and lower aperture regions.

For er=l, the LSEno modes degenerate to the TEnO modes
of empty rectangular waveguide. Therefore, an appropriate
set of check cases include H plane scanned thin wall rectangular 3
grid arrays of rectangular elements and special triangular
grid examples which have appeared in the literature. Thick
wall rectangular grid cases can also be used as checks
provided the wall thickness is not too great. |

The geometry for the rectangular grid examples is
shown in Figure 17. The aperture dimensions are A and B,

and the lattice vectors are

(48) S = dxﬁo
and
(49) S2 = dyzo

For A=dx and B-dy, exact solutions for E and Hl plane
element patterns have been obtained using function theoretic
techniques to construct the reflection coefficient of the
driven TE;, mode.( )Figures 18 through 20 show magnitude and

phase of active reflection coefficient, TI', of the TE mode of

10
square waveguide in thin-wall square lattice configuration for H
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plane scan. The solid curves are the exact solution, as

(8) :
3 obtained by Wu and Galindo. The dashed curves are obtained 1
from the current formalism using the first five TEno modes

to approximate the aperture field distrubution. The minor

discrepancies between the results are removable by including

additional higher order modes in the modal computations. i

Vo

e Wt s 9t

Figures 21 through 23 show magnitude of T as a

function of H plane scan angle when the H plane metalic walls f

have finite thickness, t = .ldx. The lattice remains square.
(9)

TR T T R

The solid curves were obtained by Galindo and Wu using

T

30 feedguide modes to represent the aperture field. The

[

dashed curves are from the present analysis using the first

nine TEno modes. The agreement is excellent.

COTTET g

Aperture field approximations consisting of the first

R )

few TEno mode functions may be used to compute H plane
element patterns of triangular grid arrays of rectangular

apertures.

TG TR S TR U 8
T e *

Figures 24 and 25 show H plane element pattern,
2 (10)
(1 - |I'| Jcos®, as computed by Amitay, Galindo, and Wu

and using the approximate limiting case of the present analysis.
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The lattice is 45'triangu1ar, with lattice vectors

(50) $1 = 1.008Ax_
and
(51) S = -504X§o + .504Axo

The rectangular apertures are .%905A by .4). In figure
24, the aperture field is approximated using only the

TE, ., feedguide mode. For Figure 25, the TE20 mode

10
is added. Again, the comparison is quite good. The resonance,

near sin9=.6, was found experimentally by Diamonéll)

in an
investigation of the central element pattern of a 95 element
array.

The deviation of computed results in Figures 24 and
25 arise from two sources. The first is an inability
to read the published curves to sufficient accuracy. The

second source of error is number of space harmonics used to

obtair. the published curves and the present results.

2.4 Convergence of Numerical Results

From the results of the previous section, it is event that
the numerical solution implemented here converges uniformly as
the numer of aperture modes, space modes-or both is increased.
However, to ensure that the convergence is indeed uniform, the

array propertins of the WR187 element were examined as the mode

E
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:
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count was varied in the aperture and free space regions.

One to eight aperture modes were considered and the circle

of convergence was varied from ky (= 21/)\) to 13.9K  at

2.5GHZ and 33.4kO at 6 GHZ.

For maximum circle of convergence, the solution

T PR 5 .
s R 2T TR SV 0 AT NI 0 peg

conveiged rapidly as the number of aperture modes was

increased. At both frequencies, four or five aperture

modes were found to be sufficient.

R T T S o e v <, ot T T A T W ar e R R st e v AU
o Budon ol s ¥ ol w et 5m
B 4o ]
i STV S TN S
P ST B A2 AT e bt it B
e et A W -,

the

ot f.unwr":&ww@m.,m‘mm,,mnmm o
TR

With the number of aperture modes held fixed,

—

Beyond

circle of convergence was uniformly increased.

roughly Sko at 2.5GHZ and 10kO at 6GHZ, the solution became

stable.

Except for the usual effect of truncating the modal

series at an inordinately premature point, no convergence

E
f
b anomalies were evident in the computations. :
y
r
]
;;'
i
:
:
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3,0 PROPAGATION CHARACTERISTICS CF TWIN DIELECTRIC
SLAD LOADED RECTANGULAR WAVEGUIDE

fliri e

The analysis of the radiation properties of an infinite
4 array of dual band elements requires a complete description

‘ of wave propagation in the inhomogeneously loaded feedguide.
3 The geometry of the dual band element is shown in Figure 26.

The element consists of a rectangular waveguide bifurcated

SRR I L

in the E-plane by a septum of thickness,s ,and symmetrically

Gl

loaded with full height slabs of lossless dielectric parallel
to the guide narrow wall. Both slab thickness and spacing
are arbitrary in the ranges 0< 2§ /A<l, 0<2B8/A<l, and €t the

\ relative dielectric constant may take on any real value,

R A R S Sl Bt s dh P T

o> (12-14)
Several investigators have studied wave propaga-
tion in similar guiding structures, primarily to provide
bases for perturbation calculations of ferrite phase shifter
properties. Collin(IS)has obtained general expressions for

mode functions and modal propagation constants for the

asymmetric single slab case. These results are equivalent

R HEN R A <o e SO e A L R LA

to the symmetric twin slab results for short-circuit sym-

(12)
metry in x. Seckelmann has obtained general expressions

CoAr T

3
: for LSEno (i.e., TEno) mode functions and propagation
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Figure 26.

Dual Band Element
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constants of the symmetric twin slab case.

LM it Ty | SRS IO T T

The modal fields of the inhomogeneously loaded rec-
tangular waveguide shown in Figure g are obtained in a

straightforward manner. Recognizing that E and H modes with ;

N ISR I R

respect to b9 remein decoupled at the dielectric interfaces,
4 arbitrary waveguide fields can be decomposed into E-type
: (LSM) and H-type (LSE) modes with respect to 24 Thus, an

- arbitrary field may be expressed in terms of either complete

B o RN

mode set. A one-to-one correspondence exists between the

modes of each set (i.e., eigenvalues of the & ind H mode ;

BT TR

set are eigenvalues of the type mode set for the given .

boundary value problem). The LSE and LSM mcdal fields are

then obtained via a component-by~-component comparison of

the modal fields in either set corresponding ko a particular
; eigenvalue. The components of the type mode functions are ;
then proportional to either the voltage or current distri- %
butions of the equivalent circuit.

The modal spectrum for the structure is cbtained via

MRTHTRR ST et W
N & -

a transverse resonance technique.

Ty

3.1 Mode Functions

‘ It is well known that E and I modes with respect to
f

surface normals remain decocupled at planar interfaces
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3

S g = R i L N T R . oA a2 w = ’q‘ N
%

(15)
between dielectrics. Thus, in the inhomogeneously

(in x) loaded guide shown in Figure 26 , decoupled modes of
the structure will be E apd H with respect to x, or,
equivalently, E-type (LSM) and H-type (LSE) with respect to
Z.

For the infinite phased array of dual frequency elements,
the aperture fields are expressed as the superposition of é
transverse~to-z mode functions which satisfy the vector

equations (see AppendixB ).

AN

(52) N Y&ihyi(x,y) = e [I + o ] ¢« (2. x gi(x,y))
- VeV

(53) hyvi2'ey; () = wull + 2 1 - (hi(x,y) x 2))

In equations (52 ) and (53),y,; is the longitudinal (z

directed) wavenumbers; Y' and Z" are modal immittances; 1

is the unit transverse-to-2Z diadic,

(54) I=§o>_<o + ¥ Y0

and Vt is the tranverse-to-z gradient operator,
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(55) Ve T X % Yty
é. The prime (') is used to denote LSM modes [for which
Z hx(x,y) = 0]; the double prime, to denote LSE modes
i [for which ex(x,y) = 0]; and single index is used rather
] than a double index.
% The desired modal representation of transverse fields
: i
y is ;
:
? = ' ' ] " i
E (56) E (xyy,2) ii vilzlel (x,y) + ;3 Vj(Z)gz_j(x,y)
g
]
¢ !
; = 1 ' " " :
: (57) Et(x,y,z) E Ii(z)gi(x,y) + § Ij(z)gj(x,y) i
? where Vg {z) and Ig(z) (e = ',") are z dependent modal é
? voltages and currents satisfying the transmission line E
- equations f
E v
L ’ i
i S vy (2) = -jy.2, I, (2)
3 ( 58) az Vi JY;454512
b
4
f (59) az Ii(Z) = -JYiYiVi(Z)
; Since the guide is uniform (and assumed infinite) in z, %
i the 2z dependence of the modal voltages and currents is E
g: H
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exp [-jYiz], hence

V.e~JYz
i

(60) Vi(z)

-jvz
(61 ) Ii(z) Iie
Equations (52 ) and (53 ) may be solved to obtain re-
lationships between the mode components. For LSM modes,

the x component of h'(x,y) is taken as zero (h; = 0), and

equation (52 ) results in:

( 62) hi(x,y) e (%) el (x,¥)y

( 63) e; (x,y) egs (X, ¥) X

2
1

3
+ e'.(x,y)
ke _(x)-k? (x) ¥ X Lo

2 2
ker(x)-Ki (x)

T
iwso

where e;i(x,y) is a solution of the scalar wave equation
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\ 65 ) (V2 + k2, (x)) ey (x,y)

Cih 12 = 2 2 - 2 -2 :
with kti Ki(x) + kyi kosr(x) Yir subject to the
boundary conditions of the guide cross-section. Er(X) is
the x-dependent dielectric constant of the cross-section.
For LSE modes, the x component of e"(x,y) is zero

(e E 0) , and solution of ( 53) gives:

(66 ) g;(x,y) -h;i(x,y)zo

(67 ) hi(x,y) = ho (%, ¥)xg
1 N
+ h". ’
o iy xw xRV

with h;i(x,y) satisfying

(69 ) (V2 + kf:i(x) hy, (x,y) =0

t
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over the cross-section. The wave immittances given by i
equations (64) and (68) are defined such that the
direct proportionalities of equations (62) and (66)
are obtained. It is shown in Appendix C that the type
modes possess the following orthonormality property for

the bounded cross-section (CS) of Figure 26.

*
(70) ‘C[;jc‘ixdygg ) (b—s\ x —z-o) B Gaﬁsnm

where a,8 = (',"). j

Equations (g2) through (69) , with appropriate

boundary conditions, are the complete formal solution for

; the mode functions of the symmetric twin dielectric slab
§ loaded rectangular guide shown in Figure 26. However,

due to the complexity of boundary conditions along x, the
scalar wave equations (65) and (69) are difficult to

solve. 1f the transmission line direction is temporarily

At M €7 At s ST T S e NAY L raeen

taken along x, the fields in the guide may be put in a

T Y TSI AT TG 4 T T 4
T 2 ~

representation of E and H modes with respect to x. Due to :
- the degeneracy of the rectangular cross-section, eigenvalues

of the E(H) mode set are also eigenvalues of the LSM (LSE) ]

T ML TRAET T ERTYL

mode set. Thus, corresponding to each eigenvalue of the

e

TSNS ST AT

65




s
structure, there are two expressions for total field.
% , These expressions are compared component-by-component,

resulting in particular expressions for LSE and LSM

DR Sk Tt Sk e B hier

mode functions in the symmetric twin dielectric slab

é loaded rectangular waveguide. :
f The transverse-to-x modes of the twin slab loaded j
} guide are obtained in standard fashion and are given as: 1
i E modes (h; = 0) :
X4
3 ~
V.Y

(71) &, (y,2) = —x=L
c Kei
: |
E , j
; mI s . 3
B ml -3y ;sinTlY
§ = . cos b ¥, jY sin go] f
. ti ;
| : _ \

(72) Ei(le) ?on.e_i(YlZ)

[
(73) g = i)
% i weoer(x)
?”L -jY'z . i
(74) bg = de ~ sin TgL
]
66
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H Modes (e; 0)

A
(75) h!(y,z)

|

= Be mi i m_nx 3 m.__xn
—;————— [b sin =% y  + Jy;cos— Eo]
ti
(76) Au — ﬁu
el(y,2z) = hi(y,z) x xJ

A K.
' i(x)
(77) Yi _zﬁr__

]

-Jy;z y
(78) wp Be 1 cos mg

In the above equations, ~ is used to indicate results in the
A —————
transverse-to-x representation, and kti = /(%E) + y?

i L]
The modal representation of tranverse-to-x fields is

(79) _E_:_t(lerz) ?Vi(X)gl (YIZ) + ZV;(X)E'J' (YIZ)

1 J

(80) Et(xr}’rz) (Y ,2)

A A ~ ‘
1 " "
LI (x)n; (y,2z) + ng(x)Q 5

i 3
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where V%(x) and I%(x) are modal voltages an‘ currents which

satisfy the transmission line equations:

(81) g-; Vi) = -j, (%) 2,13(x)
(82) g; 18(x) = -3k, (x) ¥,V (x)

The single mode tranverse-to-z magnetic field corres-
ponding to eigenvalue Yy, of the LSM and E modal subsets
must be equal. Thus, since h;(x,y) = hé(y,z) =0,

-]

AI Al — [] ‘YZ t
(83) Ii(x)hyi(y,z)xo = I'e e (x)el. (x,¥)y

. N . — T ]
Using (71) in (72) , and letting A = Iikti/Niyi

results in an expression for e'

xnm(x,y) in terms of the x

dependent modal current distribution Ih(x):*

' = —'._._l'___—.. A' i m,__T!X
(84) exnm(x,y) jN' e In(x)51n 5
nmr

*in equations (84) anrd (86) , the double subscript is

used to explicitly indicate x and y dependence.
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Note that for m = 0, the LSM mode does not exist.
Similarly, the single mode tranverse-to-z electric field
corresponding to eigenvalue Y of the LSE and H modal sub-

sets are equal giving

: S ey S "IV g2

: (85) Vz(x)eyz(y,z)xo = -Vie hxz(x,y)zo

A

E’ 3 — uA " . : :

? letting Bz— ngtg/NQYg and using (75) in (76) results
3 in

‘ (86) h"  (x,y) = -jeie V" (x)cos™¥

| xnm 2 Y NP, oD b

w g
S

I R A A s

The coefficients Nﬁm and Ngm appearing in equations (84)

and (86) are normalization constants determined by appli-

e -

cation of equation (70) . Complete expressions for the

R

normalizations are given in Appendix C.

g‘ Since the inhomogeneously (in x) loaded guide is
g symmetric about the midplane (x = 0), the modes will be
é either: symmetric, corresponding to an open circuit plane

at x = 0 for LSE modes, or short circuit plane for LSM

4 modes; or anti- smmetric, for the converse. Consider the
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equivalent transmission line representation of wave propa- R
gation in x shown in Figure 27. The complete current and
voltage distributions may be written down by inspection for
either of the indicated terminations. The resultant
distributions are then appropriately inserted in (84) or
(86) to obtain the cross-sectional dependence of the

x components of LSM dlectric and LSE magnetic mode functions.

AT o Ena R

The vectcr mode functions are summarized in Figures 28

CRTEN RS

and 29.

T,

In normal operation as a dual frequency phased array

element,the excited (propagating) modes of the symmetric

PRI TR
8 2N it e S0 R AR " Sl VS

twin dielectric slab loaded rectangular waveguide will be

o pm by A

the LSE10 mode in the low frequency band, and LSE10 and

LSE20 wodes in the high frequency band. At either band,

FEESNN. YT P S L

the tendency will be for the field strength interior

eornmsedted

tc the dielectric slabs to exceed the field strength
elsewhere. This characteristic is clearly evident in the

equations of Figure 29 for slow wave propagation. Exam~

ination of the modal voltage expresscions shows that for

= o ] " . . .
Ky len‘, eylo(x,y) is proportional to cosh(|Knx|) in
-B<x%<®, and to sinh |Kn|(x+a/2) in -a/2<x<=-B-¢. Thus,
for greatly slowed waves, i.e., Yom = k/E;, the
e;lo(x,y) is neavrly exponential in the air regions, and

nearly constant in the dielectric. Similar characteristics
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a-e evident for the LSE20 mode (the first anti-symmetric in
x mode) .

Typical e;lo(x,y) distributions are shown in Figures
30 and 31 for an element operating at 2.5 GHz and 6.0
GHz, respectively. The element is a WR187 guide with .250"
(=8) slabs of €. = 9 dielectric located .325" (=a) from
either narrow wall. At low frequency, the distribution is
roughly uniform between slabs, with some field concentration
in the vicinity of the interior air-dielectric interfaces.
In the region |x|>B+6, the field behaves very nearly like
cos (Mx/A). At 6 GHz, the e'ylo(x,y) distribution is entirely
di fferent, showing well defined field concentration about
the dielectric, with very low field strength in the air-
filled regions. The distributions are roughly symmetric
about the slabs, with non-zero field at the guide center.
As the dielectric constant is increased the fields become
more heavily concentrated in the dielectric, and, consequently,
the field strength at the guide center approaches zero.

At 6 GHz, the antisymmetric LSE20 mode is also propa-
gating, and all other modes are well beyond cut-off. The
e;zo(x,y) distribution is shown overlayed on the e 0(x,y)

yl
distribution in Figure 32. This comparison shows that the

74

-~

RN, s

e 2K,




‘ . ,.11. ‘,.I ....,Q‘.;.he.s....!32;.«4...&1‘1.;3313}4%
ap e TR b g T PRI TR A TR TR R et TR RYTC TR ST T AT e T I I T T - I Y IR ¥ L :
S ey v T TR AT v * B o ————————

~ TR T TR RN TR Ty PSAbiaiaii . e e reen e e —————— ety Sda WY o i . aa t
_ _ 1
¢

| §
: 1
F
?
w “
w \.O.
i ]
{
¥ ~t N i
> jour
P \ ° ©
i -
— e e vt ey e f— e ™ .
. . J
, o i
m 2 5 m
“ 1 —— — — —— — i
: ” o — -l — o _.w
! 0
¥ _ M 1
| o .

DIELECTRIC
_SLABS, € = 9~

-0.1
Thick €

-0.2

Guide With .250"

-0.5 0
x/A

Figure 30. ele (x,y) Distribution for WR187 Bifurcated
r
75

1.0
6
4

POV

Q71314 Q3ZITVWION

b xS ik

I T

.. . - N
o i e Akt 8 e O < e i it w5 P s Lt s oA bh LTt A @ *r sanr wezel S,

]
a0 e g fl o e N et o 2 $ i L i o




T PYTTTeEee

“.',."ll:e"‘."‘(ﬂ T T oA o

e T il

TRh e gL

&

1.0 T | ]
i /\]r 1/ N
!
0.8 :/ \t 5 \5
= |
= 0.6 t f ; ;
N i |
N | |
o } | X
$ 0.4 " kt- t {
/1N /o
| !
0.2 / + —f D\ /£ i i \
1 |
A 7S s MR
0 t
-0.5 -0.4 -0.3 -0,2 -0,1 0 0.1 0.2 0.3 0.4 0,5
x/A
Figure 31, ele (x,y) Distribution for WR187 Bifurcated
Guide With .250"Thick €. = 9 lLoading. 6 GHz
76

Uit SR MM G

TFw

BT R K Em e T yaes ey e g



VTR B

gl g 13

Risdacigd < El Y-l

v

1.0 , —
| DIELECTRIC | I
-SLABS, € =9 — \

0.8
|

0.4 \ /I SE / \ ‘

0.2

NORMALIZED FIELD

R Sl el e i Tl i A G G U

0 <
-0.5 -0.4 -0.3 -0,2 -0,1 0 0.1 0.2 0.3 0.4 0.5
: |
' {
i
E !

Figure 32. ele and ey20 (x,y) Distributions for WR187 Bifurcated !
Guide With .250" Thick ¢ = 9 Loading. 6 GHz ’

77

PR ST T O T A O Y A T 10 T Ty 3 e s s P P o ..uj




]

T MR BRI SRS TN ORI T ST e o

TEwTE A e

b3

7 . T TR ST S KT e
? R

fo
i
%
"“4
!
g
5
;
t

A D SIS T eI T AT AT W 4|

T TR R, SO T e, “""’T""‘A‘F"“E"’ﬁ!’”l!l’
4
; p
i
13

*

[NV S s s B gy w—

LSE, . and LSE20 modal field distributions are quite similar,

10
differing by no more than a few percent in relative magnitude
for |x/A|>.15, but having opposite symmetries. It is

this high frequency propagation characteristic and the fact
that YZO /Yloél.o for appropriately chosen dielectric
constants and guide geometries which provide the unique

dual frequency array element potential of the symmetric

twin dielectric slab loaded rectangular waveguide. For,
assuming the functions are exactly identical in magnitude
and that 720/710 = 1, the LSE10 and LSE20 modes, by
magnitude control only, may be excited such that two in-
dependent phase centers are located at roughly the positions
of the slabs.

The similarity of the e;lo(x,y) and e;zo(x,y) dist-
ributions, and hence, the achieveable high frequency phase
center independence, is directly related to dielectric con-
stant for fixed geometry. As the dielectric constant is
decreased, holding cross-section fixed, the LSElo distri-
bution approaches the TElo distribution of empty guide;
and the LSE20 approaches the empty guide TE20 distribution.
These trends are evident in Figure 33, where the e;lo(x,y)
and e",.(x,y) distributions are shown overlayed for the

y20
WR187 guide with €, = 5 loading. The departure in magnitude
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between the distributions is significantly greater for the
lower dielectric constant than for the higher.

While the above discussion shows that there is a strong
influence of dielectric constant on achieveable high freqg-
uency phase center independence, it should not be construed
that large dielectric constant is generally preferable to
low dielectric constant. In particular, it will be shown
in section 4-1 that for certain geometries, dielectric
constants on the order of £y = 9 may lead to large aperture
reflections which are difficult, if not impossible, to

match out!
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3.2 Mode Spectrum ;

) . The modal spectrum of the symmetric twin dielectric

E slab loaded rectangular waveguide is obtained via a

3 transverse resonance procedure. Representing the loaded

3 guide as an E or H mode transmission line in x, as in

X o

]

Figure 27, and requiring that x 0 be either an open or

v

short circuit plane results in four dispersion relations,

j in x, of the form, ;
'E‘-

3 (87) D(Kn'Ken) = 0.

%

3 where i
- (88 €2 = k2o (B Ly |
s ) n B nm |
@
g 2 - .2 2 - ;
? (89) Ken™ “n + kn(er 1) i

5 ¥ s st

k = 2M/X is the free space wave number, ml/B is the y

oo i

directed wave number, and Ynm is the z directed wave-

number. One dispersion relation is obtained for each

TR

symmetry condition, in x, of each modal subset. The

four dispersion relations are given in Table 2. It i

”
E‘.
;
4
£
3
i

i

shovld be noted that the forms given are computationally

unstable due to both the various tangent evaluations,

4tf, i s’
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and the indicated divisions. \fn\practice, the expressions

are converted to combinations of sines and_ cosines, and all

divisions are removed. ""nux\\

In the LSE and LSM modal subsets, the mode indexing
is (n,m). The first index, n, is associated with the
infinite sequence of zeros of D(K,KE) which are arrayed
along the real Ke axis, as illustrated in Figure 34,

The first zero is always associated with the even symmetry
solution of the modal subset (i.e. open circuit symmetry
for LSE modes; short circuit symmetry for LSM modes).
Thereafter, the roots of the even and odd symmetry disper-
sion relations are interleaved. Hence,for even symmetry,
n is always odd, and conversely. The second index, m,
appears explicitly in the auxilliary dispersion equation,
(88), and is directly interpreted as the order of the y
variation of the modal field.

The potential of the symmetric twin dielectric slab

loaded rectangular waveguide as a dual frequency array

element arises, in part, due to the unique migration of the

roots Y10 @RY Ypq with frequency. Figure 35 shows an
LSE mode dispersion diagram for half height WR187 guide

with ¢ = 9 loading. Only the (n,0), n = 1,2,3 and (n,l),

n = 1,2 roots are shown, other LSE roots being considerably
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more evanescent. Jfor kA/2 <1.40, only the LSElo mode is
propagating. As frequency is increased, the LSE20 mode
begins topropagate, and Y20 rapidly approaches Y10 the
ratio YZO/YIO being nearly unity for 'Ka/2 > 2.5. As
frequency is further increased, the LSEll and LSE21
modes begin to propagate, though they may, of course, be
pushed further out by decreasing the guide height. The
result is that over the range 2.5 < kA/2 < 3.0, the
propagating modes of the structure have virtually identical
dispersion. Hence, if in this range, the LSElO and LSE20
mode functions differs only in symmetry, as in Figure 32,
the half height WR187 guide with er=9 sslab loading will
support two independent phase centers over an 18% frequency
band centered at kA/2 = 2.75; and over multiple guide
wavelengths, 2H/y10, in z.

The dashed line, y = k, in Figure 35 may be used
to estimate the mismatch at the feedguide-free space
interface for broadside excitation (only the LSElo is
excited). The modal admittance of the LSE10 mode is
ylo/wu, and the modal admittance of the dominant space

harmonic is k/wp at broadside. As an estimate, then,

the reflection coefficient at the aperture will be in the
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for broadside excitation. For the WR187 guide with er=9
loading, operating at KA/2 = 2.99, equation (4-39) gives
|| = .383, whereas the exact value for a rectangular thin
wall array of these guides is |I'| = .424. For the same
guide operating at kA/2 = 1.25, equation (90) gives

'} = .110, and the exact value is |I'| = .285. In both
cases, the implication is that the aperture susceptance,
which is ignored in (90) , is significant. This is not
entirely surprising, since it is well known* that equation
(90) is exact for thin walled rectangular grid arrays of
empty rectangular grid guide, for which the set of trans-
verse wavenumbers of the feedguide is the set of transverse
wavenumbers for the unit cell guide.

Yor fixed guide wall dimensions, the parameters which
most strongly influence the dispersion curves are dielectric
constant and slab thickness. The location of the slabs,
denoted by the ratio o/R, has second order effects in the
regions .5< a/B < 2.0. o/B ratios outside this region are

not of interest due to the irregularly spaced high freg-

*See, for example, Amitay, Galindo, and Wu,{(10) pg 132ff.
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uency phase centers which would result.

Figures 36 theough 39 -~re LSE dispersion diagrams
for half height WR137 guide with § = .250" and a/8 = 1.00.
The curves progress from loading of er=3 to er=9. As the
loading increases, Y20 approaches Y10* in general, and the
trend is toward steeper slopes.

The migration of the LSE30 cutoff frequency toward
lower frequency produces one of the critical trade-offs
inherent to the design of the symmetric twin dielectric
slab rectangular waveguide dual frequency array element.
In general, the overriding array design criterion will be
to minimize the number of radiators (or, equivalently
maximize array cell size). Thus, for dual frequency
operation, the high frequency band center operating point
will be in the vicinity of kA/2 = . In this region,
the higher dielectric constants (ar = 7,9) provide Y20/Y10

ratios very close to unity, but the LSE30 mode is propa-

gating. Since it is necessary to push this mode out, lower

dielectric constant is required.

Similar results are obtained by holding €. fixed and
varying only slab thickness, §. Figures 40 through 43
are LSE dispersion diagrams for four slab thicknesses in
half height WR137 guide. The dielectric constant is 5,

and a/B = 1.00. In general, the behavior with thickness
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is very like the behavior with €. However, comparison
of Figures 39 and 43 shows that high dielectric
constant is preferable to extreme thickness. In the two
figures, the LSE30 mode enters at roughly the same fregq-
uency, but the ratio of z directed wave numbers, YZO/YiO'
is significantly nearer to unity for sr=9 thar. for

er=5.

97

o

B N . oS e e e e m oo




TR QT T TIRES T T AR
P

AL R LAD e L Lol A At

TR

AR R e LT PR SR

A AR e T AT dag AR ITRT TR

ALLES

R AT TR T W‘W;ﬂmq‘ ¥ 7 e TG

:
3
5
£
3
>
=
e
>
5
.
£
2
3

3
=3
E
B
3
%
4
23
X
S
<
5
A
3
=
-
: s

e SRR o om0

4.0 ARRAY APERTURE DESIGN

In this section, the trade-offs leading to a
practical array aperture design are presented for the
hypothetical array performance given in Table 3. The
operating bands are 15% centered at 4 and 8 GHz. Sixty
degree (60°) principle plane scan coverage is required.
The array is to provide 30 db gain for 60° principle
plane scan at 4 GHz. The first sidelobe level is to
be below 20 db and RMS sidelobe levels are to be below
35 db. Nominal feed losses of 1.5 db at 4 GHz and 2.8
db at 8 GHz are assumed. To reduce the inherent
difficulties in matching out the aperture, an aperture
mismatch loss at broadside of no greater than .6 db
is required.

To provide the required performance, a Taylor,
n=3, 25 db SLL distribution is selected, resulting in
an aperture gain of 37 db at 4 GHz.

The principle result of this section is the
determination of an element/grid configuration which
minimizes element count while holding high frequency
grating lobe contributions to levels consistant with

the sidelobe requirements.
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Frequency 4,8 GHz +7.5%

Scan Coverage 1-60O in either principle
plane

Aperture Gain @ 60° 30 db @ 4 GHz
Principle Plane Scan

1st Sidelobe Level 20 db

RMS Sidelobe Ilevel 35 db
Feed Losses 1.5 db @ 4 GHz
2.8 db @ 8 GHz

Aperture Mismatch
loss @ 0° Scan <.6 db in both bands

Table 3

Prescribed Array Performance
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4.1 Aperture Design Trade-Offs

(16) that an equilateral triangle

It is well-known
lattice configuration minimizes element count for a
given scan requirement. As a basis for comparison,
it is therefore, convenient to first consider a lattice
specifically taylored to minimize element count at
low frequency. This lattice and the near-in grating
lobe diagrams for 4 and 8 GHz are shown in Figure 44.
The lattice base is 1.780" (.602) @ 4 GHz).

It is immediately apparent from Figure 44c that
the six near-in high frequency grating lobes will
migrate well inside the coverage sector for all scan
directions and pose a potential limitation on achieve-
able peak sidelobe level and main beam gain. This
difficulty may be alleiviated somewhat by appropriate
selection of the element configuration and high freq-
uency excitation modifier, R, for the LSE;, mode as
discussed in section 2.2. However, it should be noted
that the six grating lobe locations actually represent

twelve independent beams (six each E and H with respect
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Figure 44. Equilateral Triangle Lattice Configuration
Which Minimizes Element Count @ 4 GHz
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to the array normal). Since there are only nine design
parameters (half aperture dimensions A and B; septum
thickness; 4; relative permittivity, e€; slab thickness,
§; ratio a/B; lattice spacings, dx and dy; and R), it
is clear that there is insufficient control for the
cancellation of all beams.

The only available means of cancelling the beams
residing aiong the v axis, the (0,1l) and (0,-1) lobes
is to separate the half apertures by one half the y
lattice spacing dy, resulting in a scanning sub-array
pattern with nulls coincident with the grating lobe.
This coincidence is maintained for H~plane scanning,
however degrades in all other scan planes due to the
imbalance in half-aperture reflections induced by the
phase taper. In the circumstance that the half aper-
tures are spaced at less than 0.5 dy' a significant
fraction of the radiated power is delivered to the
E-mode (0,1) and (0,-l) beams for all scan directions,
including broadside. In calculations with the half
apertures separated by 0.26 dy' it was found that as
much as 20% of the power was delivered to each of the

two E-mode beams at broadside scan.
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Cancellation of the remaining eight beams is a
considerably more difficult problem, and turns out to
be virtually impossible for this large lattice spacing.
Again, effective reduction of radiated power into the
unwanted lobes must be obtained by locating the null
of a scanning subarray pattern at or near the grating
lobe location. One subarray spacing has already been
used to cancel the m axis lobes; the remaining degree
of freedom is therefore, the x separation of the appar-
ent high frequency phase centers. In the event that
these separations can be extended to 0.5 dx' good grating
lobe rejection can be achieved. However, as a practical
matter,such wide x displacements of apparent high freg-
uency phase centers are not possible.

As was shown in section 3.2, a reasonable upper
limit on aperture x dimension is in the vicinity of
A=) at the center of the high frequency band for moder-
ate relative permittivity loading (eréé). Larger
aperture dimensions can be achieved by reducing the
permittivity, or using very thin slabs; however, such
an approach is generally countere-productive in that
bandwidth is reduced and H-plane scan loss is increased

at high frequency due to the widening dissimilarity
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between LSE;; and LSE:;, modes which occurs for parameter

variations in these directions. Consequently, in order
to achieve the wide apparent phase center displacement
for this grid, it is necessary to place the slabs

very close to the narrow feedguide walls, giving o/B
ratios of, typically, 0.56 to 0.62. This is not a

very attractive solution since it produces considerable
aperture field asymmetry about the apparent phase
centers, thereby invalidating the primary assumption
that the high frequency aperture distributions are
roughly symmetric about these phase centers. As a
practical matter, then, it is impossible to kill off
the eight remaining beams.

The best result obtained for the 1.78" base
equilateral grid are summarized in Table 4. The
element dimensions are given in the table caption.
Clearly, the 1.05 db power loss to the grating lobes
is intolerable, and it is necessary to reduce the grid
size significantly.

As mentioned above, cancellation of off-axis high
frequency grating lobes requires that the apr.arent
phase centers be separated by roughly 0.5 dx. In
addition, to maintain reasonable aperture field symmetry
about these phase centers, ratios o/f should lie in

the approximate range 0.8 < a/f < 1.25. Allowing for

i e L e oo
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4 GHz 8 GHz
Broadside Reflection Loss (db) 1.18 1.05
*H-plane Scan Loss at 60° (db) 6.44 6.80
Power Loss to Grating Lobes
(broadside scan) 1.05
Broadside Gain Loss (db) 1.18 2.43
Table 4

Performance of Dual Frequency Element in 1.78" Base
Equilateral Traingular Grid at 4 and 8 GHz. A = 1.480",
B = .412", 5 = .358", & 1.780", d, = 1.540", a = ,241",

B = .301", 6§ = .198", ¢~ = 5.0

r

*Includes cos 6 beam broadening factor.
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a wall thickness of 0.062", a practical set of element
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and grid x-dimensions is then A = 1.376", dx =1.500",

and B+6/2 = .375", resulting in the specification of

M pe i

; slab thickness, §, as no greater than .130", or
§/A<.094 and o/R<.835. From Figures 36 through 43, -

it is seen that a relative pemmittivity of 5 will i

R R it Ll R s

provide the desired feedguide characteristics in both

frequency bands for this aperture size with o/f = 1

e

and 6/A = .091. Bringing the o/f ratio into the
required range produces only a small perturbation

3 on the dispersion curves shown in Figure 41. Consequent-

» ly, the selection of 0=.247", B=.309", and 6=.132"

*

will provide the necessary control of off-axis grating

lobes while keeping higher order feedguide modes well

TR RLE e T A RN

below cutoff. By requiring that the LSE,;; mode be

FERRT Y G R

attenuated by 8 db per wavelength at the high end of

the 8 GHz band, the y aperture dimensioned is obtained

el BAAGTRTIRTR

as B = ,400".

we

The aperture/grid parameters determined so far

S ool bl
R4S

guarantee some cancellation of the off-axis grating

W R e B R

lobes, and it might be assumed that by reducing dy

AR

for the original grid by the ratio 1.5/1.78 would

result in an acceptable configuration, giving a 29%
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increase in element count over the "optimum" number.

Unfortunately this spacing is still on the large size
and results in considerable power loss to the grating
lobes at relatively small scan angles. It is there-

fore, necessary to further reduce the cell along the

E-plane to dy = .960".

The final configuration, shown in Figure 45,
with its low and high frequency grating lobe diagrams
has a cell area roughly half that for the grid optimized
for element count at low frequency, and results in an
array of 2444 elements. With five phase shifters per
element, this increase seems (at first glance) rather
unattractive. However, this comparison is quite mis-
leading. The twin dielectric slab dual frequency array
element concept provides for simultaneous excitation
by two entirely independent feed systems, and con-
sequently the simultaneous radiation of two indepen-
dent beams at two widely separated frequency bands.
If the alternatives for multifrequency operation are
considered, the dual frequency element is suddenly
very attractive.

One such alternative is the use of wideband
elements in the grid depicted in Fiqure 44 to obtain

simultaneous aperture usage. The obvious disadvantage
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of this scheme is that it requires eight phase shifters

Bt T L b Ll A

and four diplexers per element quartet or unit cell.

In comparison with the dual frequency element, this
configuration requires twice the number of low freg-
uency controls, and half the number c¢f high freg-

uency controls per unit area of the array, plus di-
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.

g plexers.

% A second alternative, in a broad sense, is to

% design two entirely independent single frequency

g systems. However, it is clear that only under very

? special circumstances could this system be considered

a viable multifrequency concept.

Predicted principle scan plane performance for

bR

the configuration in Figure 45, is shown in Figures 46

through 54, at the end and midpoints of the 4 and 8

o

GHz bands. In these figures, the performance measure
is taken as the power transmission coefficient int»

the radiating beam(s). Mainbeam scan loss is deter-
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mined by adding 10 log,, (cosf) to the curve for the

b ot o
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(0,0) beam.

Figures 46, 47, and 48 show E and H plane per-
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formance at the low end, middle, and high end of the

4 GHz band, respectively, for scan out to sin6=.975.
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In this range, no grating lobes enter real space. Maxi-
mum broadside mismatch loss in this band is less than

.3 db and is readily matched out by any number of means.
The E-plane fall-off out to approximately 60° is some-
what better than might be expected for the subarray
array factor at these spacings, and decreases at the
upper end of the band. The H-plane fall-off is typical
of a planar array of rectangular apertures.

Figures 49, 50 and 51 show the H-plane power levels
in the propagating beams in the 8 GHz band. To eval-~
uate the array characteristics over this band, the LSE,,
and LSE,, feedquide modes are assumed to be generated
2Aglo behind the aperture plane, where lglo is the
LSE: o guide wavelength evaluated at 8 GHz. This long
feedguide phase length results in considerable excita-
tion of the (-1,-1) E-mode at the band extremes. Evi-
dently, this path must be shortened for such wide band
operation.

At midband, Figure 50, the (-1,-1) and (~1,0)
grating lobes are well within the desired range of rms
sidelobe level and will not result in any significant

perturbation of the far-out sidelobe region. This
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level of cancellation is achieved using the modifier
R=1.2 exp (-jl4°), which seems to also result in
significant reduction of the H-mode (-1,-1) and
(=1,0) beams at the band edges as seen in Figures 49
and 51. However, the modifier clearly has little
effect on the E-mode beams, and these levels must be
controlled by a proper choice of a feedguide phase
length.

In Figure 51, it is seen that the (-2,-1) H-
mode beam is heavily excited at the upper end of the
band. However, this occurs only at the H-plane
extreme of the scan volume, and will be of only minor
consequence.

The 8 GHz band E-plane performance is shown in
Figures 52 through 54. In general, the best perform-
ance occurs at the lower end of the band. Due to the
choice of y lattice spacing, the grating lobes remain
outside real space throughout most of the scan volume
at this end of the band, and are only moderately
excited upon entering. From the results at 8 and 8.64
GHz, it is clear that this is the most effective means
of controlling spurious beam levels in this plane.

As the high end of the band, the (-1,-1) E

and H mode beams are very heavily excited and will




have considerable impact on the general sidelobe level

for scanning beyond 25°. However, except for the small

dips occuring near (-1,-1) lobe incipience, there is

Ve ST et R S G VIR SR e WL

little effect on main beam gain. Again, as for the

a ' & o

H-plane results, a general improvement in grating lobe

levels may be expected for shorter feedquide phase

e B
33,

lengths.

4.2 Experimental Evaluation of the Bifurcated Twin

Dielectric Slab lLoaded Rectangular Waveguide

Dual Frequency Element

BRI e Sl Ol b A P A S ARt M i bt AN S L

ERE I VRV PR

The dual frequency element design shown in

R

Figure 45 was built and tested in H-plane waveguide

simulators over an 8% frequency band centered at 4.6

i

GHz and a 16% band centered at 8 GHz. In general,
the experimental results were in excellent agreement 3
with predictions.

The simulators are shown in Figure 55. They i%

ERiii L

are constructed of brass and are soft soldered., A
single element section and parallel wall simulator

section is used for both bands, resulting in near broad-

side simulation in the upper band, and wide angle scan

A A LA £ G

] simulation in the lower band. The parallel wall
section has 2.250" x .960" cross-section and provides
imaging as shown in Figure 56. 1In the low frequency
band, only the TE:10¢ mode propagates in the simulator.

In the high frequency band, up to eight modes can propagate.
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The element section, shown in Figure 56 with tre
simulator imaging, consists of two half elements and
two guarter elements, resulting in 19.1o and 41°
H-plane scan simulations at the centers of the high
and low bands, respectively. The dielectric slabs
are stycast Hik, €, = 5. The element section is 7.2"
long (2}\g at 4 GHz), with tapered 3.6" 300& card
loads inserted at the rear of the section on either
side of the dielectric slabs and the feedguide mid-
plane. The long tapers are necessary to eliminate
rearward radiation and reduce reflections at the load
discontinuities.

Figure 57, shows measured results in the upper
half of the low frequency band. Results in the lower
half of the band were not obtained due to the freqg-

uency limitation of the network analyzer. To ensure

measurement accuracy, the experimental band was

sampled discretely in 80 MHz increments, and a short
circuit reference was established at each frequency
step. Measured reflection coefficient magnitude is
in the rance .34 to .41* with the peak and minimum
at 4.24 and 4.08 Gliz, respectively, and is typical of

the variation in HK-plane gain loss with scan observed

in many broadside matched phased arrays. The phase

of the reflection coefficient is nearly constant.

T TR T T T T AT T T YT ST T
el D S RN

*For H-plane scan, it is permissible to represent feed-
guide port pairs (upper and lower element halves) by
, a single "effective port". Consequently, the reflec~
: tion coeffici~nt magnitude at the simulator port is a
factor ¢ V2 greater than that in either half element.
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Measured and predicted simulator results are
shown in Figure 58. The calculated resulcs lie well
within the range of the measurements. Also shown
in the figure is a least mean square straight line

fit to the experimental data and /(1-V/cos®) , where

9 is the simulator angle. These two curves, in com-
parison with the predictions, show quite clearly that
the analytical model provides an excellent descrip-
tion of the array. The scatter of experimental
data about the theoretical results is due primarily
to errors in element section fabrication which
resulted in small air gaps between the feedguide broad-
walls and the dielectric primarily in the interior
of the section. By assuming a maximum reflection
coefficient magnitude of 0.035 at the internal discon-
tinuities, the discrepancies in the results are accounted
for throughout the band.

In the 8 GHz band, up to eight waveguide modes
will propagate in the simulator. Below 8.08 GHz,
the first five simulator modes will propagate. However,
for a properly fabricated element section, only the TE;,
mode is excited. Above 8.08 GHz, three of the eight

modes will be excited by the array interface. These
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are the TE;¢, TE;z,, and T™M;; modes, corresponding to
the (0,0); H mode (1,0) and (-1,-1); and E mode (1,0)
and (-l1,-l1) beams, respectively.

The equivalent network representing the simulator
discontinuity is a 3-port below 8.08 GHz, and a 5-
port above 8.08 GHz. Consequently, below the (2,1)
waveguide mode cut-off, the measured reflection coe-

fficient at the simulator port is given as

2 2 2 2 2
(91) |S11] = =1 +|Sa22| + |S3zs| + |S23| Yo/ ¥3+|S;32| Y3/ Y,
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where the ports are defined in Figure 59. Above the
i cut-off frequency, the simulator dominant mode self
reflection term is complicated function of the self
. and cross coupling scattering parameters of the re-

maining ports in the network. Since, in the analvsis

POEEf A A T

presented here, the interface scattering blocks

-y T

Si12 and S,, are unnecessary for the determination of

element performance, they are not calculated*, and it

*The calculation o’ S;. and S,: requires prohibitively
large amounts of computer core. Roughly 120K, decimal,
worcs are required for S,, for the convergence radii
considered here. -
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and it is therefore, not possible to compare theoretical
and measured results above 8.08 GHz.

Measured results in the 7.32 to 8.64 GHz band are
shown in Figure 60. As for the 4 GHz band, the experi-
mental band was sampled discretely to ensure measure-
ment accuracy. The sampling rate is roughly every 160
MHz, with an exact short circuit reference established
for each sample point. The reflection coefficient
magnitude is in the range .35 to .46, and the phase is
nearly constant.

In the measurements, no attempt was made to
load terminate the higher order modes of the simula-
tor. This leads to an inherent error in the results
which is associated with the reactive termination of
the higher order modes by the simulator flare transi-
tion. This error should be insignificant for a reason-
ably well fabricated element section since the higher
order beams are only weakly excited above 8.08 GHz.
However, as discussed above, some irregqularities in
element section fabrication did occur, resulting in

week excitation of the TE,, simulator mode.
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A comparison of measured and predicted results in the
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7.32 to §.00 GHz region of the experimental band is shown

ke

in Figure 61. Also shown in the figure is a straight
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line least square fit to the experimental data. As in the

4 Gl-z band, the theoretical data falls within the range of

p2a b ¢ et . £ P

the experimental results, and the least square fit has

SRV

approximately the same slope and magnitude as the calcu- :
lated curve. The maximum deviation of measured reflec-
tion coefficient from the theoretical value is .051 and

occurs at 8 GHz.
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5.0 ELEMENT EXCITER DESIGN

Tne design of an exciter for the slab loaded dual fre-
wuency element presents a particularly intriguing problem.
As demonstrated in section 3, the dominant mode dispersion
in the inhomogeneously loaded guide is roughly linear with
frequency for practical element configurations. However, the
slope of y /k is, in general, considerably greater than unity.
Consequently, the use of a bidirectional exciter, such as a
stub or slot, reguires load termination at the back of the
feedguide to ensure proper aperture excitation, and results

in a 3dB power loss.

5.1 Exciter Concept

A uniygue uni-directional exciter concept, shown in
Figure 62, has ween developed which alleviates this diffiemitw,
exciter consists of three stripline fed flared notch antennas {2/
coafigured to provide maxium coupling to the driven
feedguide modes in either band. The center probe is the low
frequency exciter, and is placed well in advance of the high
frequency exciters (outer two probes) to maximize the low
frequency isolation. The high frequency exciters butt directly

into the dielectric slabs.
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The basic exciter is shown in Figure 63. It is formed
by symmetrically etching the outer conductor of symmetric
stripline board to form flared notches which terminate with
maximum aperture at the board edge and short circuit at the
notch bottom. The stripline center conductor is configured
to cross the notch regicn at a right angle to the notch center
line, and terminotes in an open circuit. By appropriately
selecting the distance xj, from the center conductor center
line to the notch short circuit, and the distance y,, from
the notch edge to the center conductor open circuit, the
exciter is matched in the feedguide environment over the
operating band.

A particularly attractive feature of the flared notch
exciter ‘s that the stripline board is plugged into the back
of the =lement. This considerably simplifies feed design.
In addition, the phase shifier and exciter may be integrated
into a single unit.

The exciter geometry shown in Figure 62 results in
natural 1solation between the low and high freguency probes
in the low frequency band. Since the stripline outer
conductor is etched only near the board edge, the center probe

provides a short circuit bifurcation of the guide in the
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vicinity of the high frequency probes. Consequently, the
outer probes are jip effectively below cut-off guide in the low
frequency band, and their excitation is governed by the
longitudinal separation between center probe notch bottom

and leading edges of the outer probes.

In the high frequency band, the outer probes couple into
the LSEjg mode of the loaded half width guide and some natural
probe isolation is achieved due to the low field strength
along the outer conductors of the center probe. However,
the discontinuity at the center probe termination results
in scattering back into the low frequency port. This diffi-
culty may be removed by introducing an appropriately placed
shorting stub along the low frequency probe center conductor,
but the impact of this technique on high frequency aperture
field distributions has not been determined and remains a

design problem for future consideration.

5.2 Experimental Investigation of the Stripline Fed Flared
Notch Exciter

Experimental investigation of the stripline fed flared
notch exciter and exciter design were initiated during the
contract period. 1In dgeneral, the anticipated results were

obtained, and demonstrate the viability of the concept.
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Notch exciter designs were developed to provide better than
2:1 VSWR looking into the load terminated feedguide over
greater than 10% band widths, and greater than 50dB probe
isolation in the low frequency band.

The baseline exciter design, a scaled version of a
previously designed antenna element, is shown in Figure 64.
The dielectric is Rexolite. The etched notch region has
uniform width of .058" for a length of .154" from the notch
short circuit, and then flares smoothly to a width of .400"
at the board edge. The centerline of the stripline center
conductor crosses the notch .135" from the short circuit.
In the vicinity of the notsh, the stripline impedance is 80
ohms, and transistions smoothly to 50 ohms at the connector
junction. For the experimental investigation, only the
center conductor open circuit location, Yy¢ Was varied.

Five exciter elements, differing only in open circuit

location, were fabricated and tested using an HP Automatic

Network Analyzer (ANA). The values of Yo for these elements,

designated Pl through P5, are given in Table 5. In the 4GHZ
band, exciter P5 produced the best overall match. In the 8
GHZ band, Pl gave best results.

Measured VSWR for the PS5 exciter is shown in Figure 65.
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Exciter y2

Pl 0.070"
P2 0.090"
P3 0.110"
P4 0.130"
P5 ®.150"

Table 5

Open Circuit Stub Lengths for Experimental
Exciters
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The measurement band is 4 to 6 GHZ. From 4 to 4.7GHZ, the é
exciter is poorly matched, and is operating in the vicinity :
of its low frequence cutoff.(4)  From 4.7 GHZ to 5.75 GHZ,
the mismatch is below 2:1. The low frequency cut-off
phenomenon is known to occur when the open and short circuit
stub lengths (x2 and y; in Figure 64) become electrically
short. Consequently, by increasing the notch depth and center
conductor stub length, the exciter operating band may be
readily reduced to the phand of interest.
The ripple in the well-matched region of the experimental
band may also be largely eliminated by judicious selection
of the stub lengths. In the study of isolated notch antennas,(4)
it was found that similar ripple in reflection coefficient
occurred when the electrical lengths of the stubs were
significantly different. Since the spectrum of guided waves
in the region of the notch short circuit may be determined
in a straight forward manner, the proper stub length ratio
is obtainable by either analytical or experimental means.
Measured VSWR for the Pl exciter looking into load
terminated half width loaded guide is shown in Figure 66.
The measurement hand is 7.5 to 8.5 GHZ. The match is below

2:1 throughout the band. It is evident from the figure that
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the low end of the experimental band is quite close to the
low frequency cutoff for the exciter and that some stub
lengthening is required to extend the bandwidth to cover the
fulil 16% operating band. The discontinuity at 8 GHZ is due
to the automatic head change on the ANA. While the ripple
shown in the Figure is not large, some improvement can be
achieved by adjusting the stub length ratio.

Probe isolation is determined by exciting a single high
frequency probe in the three probe load terminated configuration
and measuring return power in the center probe. In the high
frequency band, the measured result corresponds, roughly, to
equal excitation of LSE;g and LSE;g modes in the probe free
region of the test device, and consequently is an improper
excitation for high frequency operation. Below the loaded
halfwidth guide cut-off frequency, the measurement approximates
the band isolation at broadside.

Measured isolation from 3.5 to 8.5 GHZ is shown in
Figure 67. The center probe is the P5 exciter and is inserted
into the guide 1.80" beyond the Pl exciters. The high
frequency exciters are butted against the dielectric slabs
and arranged such that the slab and exciter midplanes are
coplanar. Below 5.8GHZ (the halfwidth loaded guide cutoff

frequency) the measured isolation is greater than 40dB, and
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exceeds 50dB from 3.5 to 5.0 GHZ. As anticipated, the
isolation in dB shows a roughly linear decrease from 5.5 to
5.8 GHZ. Above 5.8 GHZ, the isolation rapidly degenerates
to 12dB at 8.5 GHZ.

The weak isolation in the 7.5 to 8.5 GHZ band is due
to the LSE mode constituant of the waveguide field in the
plane of the center probe board edge. As was shown in
section 3.2, the LSE]0 relative modal electric field strength
along the loaded guide centerline will be on the order of
.3 to .4 for a slab relative permittivity of 5. Consequently,
improved high frequency isolation can be obtained by either
tapering the center probe board thickness near the edge, or
by introducing an appropriately located shorting stub along
the low frequency probe center conductor. In general, the
first alternative seems best since it minimizes aperture
perturbations, but may be impractical. The second approach
has several difficulties associated with perturbations of
the field at the radiating aperture, but is readily implemented.
Clearly, the high frequency isolation presents a problem

which will only be resolved through further study.
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6.0 CONCLUSIONS

The bifurcated twin dielectric slab loaded rectangular
wave guide has been shown to be a viable candidate as a

dual frequency array element which results in a considerable

reduction in electronic components relative to other multi-

frequency aperture techniques. In comparison with wide band

elements, the bifurcated twin dielectric slab loaded rectangular

waveguide element requires 21% fewer controls per unit aperture

area for equivalent scan and gain specifications.

3 To provide the multi-mode aperture control required for

- dual frequency operation, a unidirectional stripline fed

notch exciter concept has been investigated which results in

L
- ———

greater than 50dB isolation between high and low freguency

probes in the low frequency operating band. Preliminary

L RERTITER RTRRGTA T  E R

exciter designs have been shown to remain well matched over
greater than 10% bandwidths.
An element design for operation over 16% frequency

bands centered at 4 and 8 GHZ has been fabricated and tested

T T RS TR ST TR e TS
: o

in waveguide simulators. Measured results are in excellent

N

agreement with theoretica. predictions in the 4.0 to 4.32

A S

GHZ and 7.32 to 8.08 GHZ bands. Measured results outside

LA

these bands were not obtained due to limitations of measurement

]
~
3
/
:
3
1
Ei
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equipment (below 4 GHZ) and computational practicallity
(above 8.08 GHZ), but are expected to show similar close

agreement with theory in small array testing.
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APPEWDIX A
EVALUATION OF THE E,,, nn FOR RECTANGULAR LATTICE

The coefficients qur,nm are defined by the integral
B+, ~/2
- = P . ek
(A-1) qur,nm f dy/ dx €nm (x,y) e*y (x,y)
pgqr
b, =~a/2

where A is the x dimension of the guide, B is the y dimen-
sion of the guide, b; is the half-thickness of the septum,
P i = ! = " ;

gnm(x,y) is an LsM_. (p ) or LSEnm (p ) feedguide

electric mode function, and e (x,y) is a cell guide elec-

a
pqr
tric mode function which is an E mode with respect to the

array normal (r = 1) or an H mode (r = 2). By appropriate

choice of ordering in both feedguide and cell guide regimes,
single subscripts may be used to identify the modes. These
indices are taken as i for the feedguide mode modes, and o,

for the cell modes, giving

B+ A/2
-~ = . *
(A-2) l:’(,’i dyf ar _e_i(x,y). e ac(x,y)
b; -A/2

Expressions for gi(x,y) are given in chapter 3, and

expressions for e, (x,y) are given in equation 8.
o}
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In all, there are eight forms of the integral EBc
14
corresponding to the possible inner products of feedguide

and cell guide modes. These are:

1. LSM-Symmetric Modes with E~Modes

4 2. LSM-Symmetric Modes with H-Modes

5

3 3. LSM-Antisymmetric Modes with E-Modes
i ' 4, LSM~-Antisymmetric Modes with H-Modes

5. LSE-Symmetric Modes with E-Modes
6. LSE-Symmetric Modes with H-Modes
7. LSE-Antisymmetric Modes with E-Modes

8. LSE-Antisymmetric Modes with H-Modes

Since the integrals possess many terms in common, these

T TMTLNE AT BT PR T M T

s .

terms are defined first and will be used as simple variables

to shorten the expressions. These terms are:

R, = B sin(kx+Ki)B
(k ot<;) 8

[s)
Sin(kxo-K'i) B
(kXU-Ki) B

TN AT 6

cos(kx0+K€i)6

+K .
kXO' KE.’L

e g T T

' )
Ry = -K

; 4 cos (kxo KEl)

: Kyo Kei
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;
Sln(ka+K€i)5
Rs = §
(kxo-Kei’G i
51n(kxﬂ~k€i)6
Re = §
(KxomK,i)‘S 3
cos(kxg-mi)é
Ry =
+ K.
kx i ;
- ]
cos(kxo Ki)6 :
Re = 3
kx + oKy é
3
_ i
sin(k_ _-k.)u E
xo i 3
Ry = a |
(kxo K)o g
sin(k_ -x.)a E
; xo i :
: Rio= @ ¢
(kXO Ki)OL %
. . ;
] yo.')l J YOU %
and g =8 (l-e cos mll) :
mn * ? i
m -k :
B yo 3
The coeflicients B}, B, , ¢' , €& , E», F , BY, B},
c*, EY , EY% ., F", Nis, NiA, Ngs, and N;A which appear %
in the following expressions are defined in Appendix D. %
1. LSM~-Symmetric Modes with E-Modes §
gl
;
152 :
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3 (A=3) E . = —2 (k. T} + k__I}}

: O'l N'.s/(-:.lk I ':G y('l
4 1 —to

where

2k

mll 1 X0
(A"’4) I'l = - {R1+R? + -_— B'l [R3+Rq - —- ]sink B
B €. K2 -2 X0
XJ el
+ L1 B [Rs+R¢] cosk. 8
€, SThe X0
1 ZKei
+ E__ B'g [— + Rg_\u]
r k2 - k2
X0 £i
+ 1 By [Re-Rs)sink B
= 5 6=Rs X6
r
» 2kx0 A
+ C'[ - - Ry=-Rglsink_ =
' k2 - 2 X02
R K.
: X0 1
g
E; A
'4: + C [R9+Rlo]COSkXO§}
N
? % and
u
S mil Ki
i (A-5) I = - 5 k s { —=— [R,-R,]
? Y k 2mie 2
!‘ N
f ; k. Bj 2k
el £i
+ - [Ry=R; = - ]smnkxoﬁ
ke_-k ke -
r ei X0 o ci
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R o

o e R O e e il % ™
KeiB'I
+ ————— [Rg=Rslcosk_ R
2 X0
| SRt
r ci
¢ . BY 2k
+ =L (—X¢ ~ R3-Ry]cosk_ B
ké -k ? k2 -2 X0
r et Xg el
K _. B :
ei ,
+ — ———— [Rs+Rglsink_ R
k2 _K.Z X0
Er ®ei
k. C! 2k
+ 1 1 R . A
gy [ + R3~Rglsink 3
i k2 "KZ X0
X0 Ui
K, C!'
i

A
SERRT [Rlo'R9]COSkx0§}
i

2, LSM Symmetric Modes with H-Modes.

(A-6) E., = ———— {kygll - kx I}

g

where I} and I} are defined in equations (A-4) and (A-5),

respectively.

3. LSM-Antisymmetric Modes with E-Modes

154

v e tm b e e e

e e kg




3
:
;
]
¢

B R S ot A e

£

A A e M L
L [

R }

LIS A

CUETRET TR R TR R S T TR e Sy R TR Ty TR T RS

A0 ottt i s i A i
(A=7) Eg g = __a__s_____ kg4 + Ky T
L}
Ni '/El]itol
where
2k
1y = -3 B rp,-Ry + 1 ELI—XO  _ R,-R,]cosk_ 8
& 2 2 X0
r K -,
X0 €l
+ 1 Ey [Ry+R(Isink_ 8
sr 1 5 6 X
P Sl H ]sink_ 8
Er 2 k2 _KZ 3 #1810 xXOo
X0 el
+ L Ev [R.-R¢lcosk g
Er 1 5 6 X0
2k
+ F' [R;+Rg =~ X0 Jcosk_ 2
k2 -k X02
X0 h g
+ F' [Ry+R,,)sink_ 2
x02
and
(A-9) o= gk Mot peR
' YOB  p2_,2 e
1
KeiEi 2K€i
+ — + Ry-
ké "y [k2 Y R, Ru]coskxoﬁ
r [ X0 €l
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‘ KeiEi
E + — [R¢~Rslsink_ B
; k& - x0
r
¢
: k_.EY 2k
‘ t = Ry#Ry-—ET—lsink 8
kEr-Ks:i kxO-Ksi
E KeiE&
%. + ~°72—-—T [R5+R5]COS}(XOB
¥ ke ~x“°.
4 r el
: KiF' 2K, A
4 + = [Rg=R5- ] cosk _ =
= k 2-k . k? -2 x02
g 1 X0 1
K, F!'

+ —— [Ryo-RsIsink 3}
, k ‘=«
E’ !
- 4. LSM-Antisymmetric Modes with H-Modes.
?’ : S .
: 'A~10) E ., = {k. 1% - k_ IL}
;’ o,l N!A /E-Ik Yo X0
g i =to|

where I5 and I} are defined in equations (A -8) and (A -9),

respectively.

1
4
9
E;.
,
-
‘5"
?

s

156

P S S S T T




i A ik CPTIERATE TN R T T T e FRE T e e “M"E
AT AT L R sy T P T R e Y TR R T Rk S Giacaeiagi v LG Clir it s o AT P Liid W e

«

2. LSL-Symmetric Modes with E-Modes

where

ZKai
[§5~::5— + Rg—Ru]COSkxg
TxU e

(A-12) I = 3k (Ro+R1+BY

+ Bg [RG-RS]SinkXOB

2k :

1 ____)_{O' .
+ BY [Ry+Ry-— — ]s1nkx08 |

-K .
X0 g1

+ BY [R5+R5]coskx06

2k,
+C" R -R~-—££———]cosk A
87 K2 _ 2 x02

X0 ]

By

+ 0" [Rio=Rolsink 5

TR OGS s T e s S TR
- T e B

PRI R TRETRT TR e B T S WTRERGS T T R TR T TR
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6. LSE-Symmetric Modes with H-Modes

(A-13) E_ . = NN (-kx I%)

0,1 "S - (¢}

where I! is defined in equation (A -12).

7. LSE-Antisymmetric Modes with E-Modes

S .
(a-14) E_ . = ——s——— (jk.__I})
ol Bk, | T YO
1 —to
where
(A-15) I¥ = jky0 {R2=R14+ EY (R4=R; -
+ EY [Re—Rb]coskxce
2k s
+ EY [R;4R,- 2x >—Icosk B
Ko Fei
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;

+ EY [-R5—R6]sinkx08

" 2Kl . y:
+ F [—-—2—'———2— + Ry"'Rs]Slnkxo‘z-

Keo ¥

+ F® [Rlo—RglcostO%-

8. LSE-Antisymmetric Modes with H-Modes

S .
g, nB Xo

where I§ is defined in equation (A -15)
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APPENDIX B
DERIVATION OF DIFFERENTIAL EQUATION RELATING e AWD h

The homogeneous Maxwell field equations are

(B-1) VxE (x) = ~joul(x)

(B-2) V xH (x) = jwgE (x)

To separate out longitudinal components (go directed) take

vector and scalar products of (B-l) and (B-2) with 2z

_00
Thus
- 3 = = —E._.
(B-3) jouH(x)xz ) = 2z x(VXE(x)) 3 E(x) + VE ()
=2 (2 E (x +e(x)) + (V.42 29E (x)
3z -0z - = t —0 2’ 2=
= V.E (x) - & e (x)
tz'= 9z — =
160
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(g-4) -jwuH, =z + (VxE(x)) = -V_ + (Z_xE(X))

where e(x) is the tranverse to z electric field.

Similarly,

. 3 2
B- = - 2
(B-5) jweZ  x E(X) V.H (%) g n(x)
B— 3 —] .
(B-6) jweE, (%) Ve * (HxZ )

Substituting for Ez(g) in (B-3) from (B-6) gives:

.~ ‘ A ~
B-7) - sye(x) =jenld + 51 ¢ (h(x) x Z))

Recognizing that

= e V% (x,y)

®

———

1%
|

= e 3724 (x,y)

(=2
£}
i

for uniform (in go) media, (B-7) reduces to
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I ML e

A A Al S 2 ™Al A
. - A
z 2

v,V
(B-8) Loetxy) = T+ 55 - (axy) x z)
And from (B-4) and (B-5)
- VeV
(B-9) Yh(x,y) = we (I + —==]* (2 xe(x,y))

For the inhomogeneously filled, uniform in 2, Wave-

guide,uncoupled modes will be either LSE (e;'( = 0) or LSM

(h)'( 2 0). For LSE modes, solution of (B-8) gives

e" (x,y) = - YXE__ nhrix,y)
Y k2-k2 ¥
X

e; is related to h}'; by an impedance. It is convenient,

therefore, to define a modal admittance Y", such that
e;(x.y) = -h;(x,y)

and

ffdA(llixz_o) ‘ _e_j = Gij
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In this manner,

(8-10)

Similarly

(8-11)

YY'R' (x,y) = welT + 555 + (2

o FOXTT T Soririsoiie aiakiale 4

(B-8) may be rewritten as

2 V1:vt

yZ" e" (x,y) = oull + =1 * (h'

Vel

-0
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APPENDIX C
ORTHOHORIALIZATION OF FEEDGUIDE MODE FUNCTIONS

T BT e e £

i Let L .li and E ,H be linearly indzpendent character-

¢
istic notutions of Maxwell's source free equations in the cyl-

4 . . . . . . . . .

3 indrical guide shown in Figure D-1. The guide is uniform in

G z, resulting in z dependencies given by

3

3 _JYnZ "J’sz

; e ;e

: Assuming a lossless region, then the conjugates of the

b characteristic solutions are also solutions of Maxwell's

, Lguations. Consider the cuil equations

?

1 -1 ; N = - 1, Sk = 2 1. *
(c-1a,b) VrE JouHy WxEX = Junds
(c-1c,d) VxH = Jueek VxHE = -juweEX

where * denote:x conjugation. Taking scalar jroducts of

(c-la,b) with ﬁ% and En' respectively, and adding, gives,

TR TR ST Fiai' S i
5~

¢
! - * Y ek .
: c-2) e . fo_:n + g‘n . \/A!.‘_m 0 ,
Similarly, from (c~1lc,d) %
¢
]
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o * * =
(C~3) E* . ngm + E . ngm 0

Adding (C-2) and (C-3) and manipulating results in

C- = * *
(C-4) 0=V, . (E'sH, + E xu%)

8
;
E
3
;_
g :
:
Y
3
:
:
%E
;
%

3 * *
* Zogg - (Epxl, + Exip)

TN G

where Vt is the transverse gradient operator, and the longi-

tudinal gradient has been specifically shown. Since the entire

z dependence is embodied in the exponentials, (C-4) becomes

= ! - * *
; (C-5) V. - (EpxH_+ E xH7)

t

=1 -— * *
IV, ~Y)2e - (Ef xH + E  xHE)
m n n m

where the transverse field is indicated by the subscript t.

:
é In equation (C5) the longitudinal components of the fields
E, have been ignored on the right hand side due to the 2.
b,
1 operator. Let
-3y, 2
Dl o=
(C-6) Etn e, {x.y) e

and similarly for the other explicitly transverse field
: quantities (subscript t). Then, application of the diverg-

ence theorem (z-dependent integrals cancel out) results in

165

o m ek a b bT  ae ot SRk AR he e ad ek "
o g Y ke S T




TR TR T
- . &= -

T T T PR

TN ITIET T

e T e T B T e T T gl

(Cc=7) (Y~ V! ,{/_z_o (e x h +e xh*do =0

where S is the cylindrical cross-section and d¢ is the
differential unit of transverse area.
The fields E , H , E, and H are assumed to be linearly
0’ —/n’ =m -m

independent. Hence Y # Yo' and (¢c-7) may be rewritten as

(c-8) _/;_/50 (g{’;lxh +gnx§;1)d0=0

-1

Since the direction of propagation (*z) should nct effect the

result (c-8), consider the z dependencies
e-jvnz ’ e+jvmz
Then, by entirely equivalent steps,
(c~9) (Yn+Ym)_/Sf_Z__o- (e* x h, - e xh¥do=0
or, for Yn #-ym,

-~ * - * —
(c-10) _/S‘f_z_o . lep x r_xn e, X gm)dc 0

Adding and suktracting (C-8) and (C-9) results in
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(C-11) _/;/% . (p_n X Zp)do =
(c-12) '/S‘/gn - (h* x z9)do

Equations (C-11) and (C-12) are the desired mode orthogonality

]
o

relations.

In the instance that Yo = Yo then, assuming the eigen-
values are not degenerate, equation (C-7) is satisfied indepen-
dent of the value of the integral. From equation (C-10), with

m -+ n

(C-13) e* x En =e_ X h;

Substituting (C-13) into

(C-14) _/S-/_z_o . (ef x h +e x Q;‘l)do = constant
yields the desired mode function normalization integral

(C-15) /fe . (h* x z4)do = constant
g ~n —-T1 -

If the constant in equation ((C-15) is taken ac 1, then

in the field representations
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Vllf has units of power.

; . . X r .
Using the expressions for e and Ei (xr=',") from section

4 in equation (C-15) with unit constant, and rearranging

results in the following integrals for the nurmalization
r

constant Ni:

1. LSM symmetric mcdes (r="')
Ae b

2 —— - .
(I‘];‘.i) = /dx_/dy} J(-x) D..i.n ?-m};.:’ i 1! 5 (X) E ;!

= b{e @+ Brids (2t
1 ‘-r.l 2 )]
FEIB RS (2t a6 )
*r “ 2 b t

where

By = cose'R3

ot
LY = —sin: '
v,
£
1
. <
siny ', ¢

¢r o= -SF

£ICOSH:6 + ;fcota'.31n;:ﬂ

siny

.




and
1, x=|x]|

t(x)

T R RIOEUER dhgt e

3 x=‘jlx|

1, x=|x|

o(x)
-1, x=-j|x|

S1nX +1

Sy (%)

S, (x) = 1-Sinx

2.2
S5(x) = t(x)Elﬁ_E

T A P AR AR oy TR R T A T e TR TR e

l 2. LSM antisymmetric modes (r="')
A/2 b

: la f / : 2m'"y 182
| (N} dx Jdyz (X)51n e |

] az2 0
" - b{gsz(zwe) + Lyey) 28, (2¢10)
r

+—155|2 (2c/8) 0 (k)

ol )FSSg(K 8)
r

Ve i E 8
AR R A
EO -

+|F'|2%SI(2K'a)}

;
é
3 whexr¢
E} = sink'p
g x'
EY) = ———— cosk'B
I
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F' = g%%f—%[cosned - E——rtanK Bsink}§]
r

| - '
Re{ EVEL*}, Ke |K€|

F =
Im{ E{EY*}, k! = =3l«¢]
3. LSE symmetric modes (r=")
A/2 b
(N"S) = ./;x _/.dycosﬂﬁxlv"s(x)l2
nm -A/2 0 b n

- rmb{ 31(2K"B) + BnZ_S ‘ZK“G)
2_ " "
+|8%] 2382 (2 16) o (k)
—t(Kg)B¥33633(K25)0(K2)

+|C"|2%32(2K"Q)O(K")}

where
1, m#0
rn = Neumann factor = z
2' =0
BY = cosk"B
"
B‘Z' = :"sinK"B
€
TR COSsK @ " _ 5_1'. " . .
¢ sing a{cosKE K;tanK 851nK€5]
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4, LSE antisymmetric modes (r=")
A/2 b

Lx /dycoszm-—gxlvga(x) | 2

-A/2 0

T TR HTARE 47
-

"a
(N2 2)

rmb{%32(2K"B)O(K") + |ED1%5S, (2¢76)

+|€31235, (2¢18) 0 (k)

AT RGOS TR B AR RS e

s - FcSSa(Kgd)
? +[F 1255, (260
E
:
1 where
-
o
| EY = -sink"B
Z K"
EY% = -KTCOSK"B

( €
o w . _Sink"g " K" W Rt
! F sinK,.u[COSKEG + ?;COtK BSane(S]
i: EYEY, " ='K"|
F
E | F =1 Re{EYEZ*}, K" = =j|k"|, Ké' = |K;|
S 50.5{Ey-Ey*rey, "= -3lc"|, k= -3l
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APPENDIX D
PROGRAM LISTINGS

This Appendix gives listings of all programs, and
subprograms required to reproduce the numerical results
presented in this report. 1In general, the listings are self-
explanatory. The language is FORTRAN (extended) and the
programs are designed to run on CDC 6600, 6700 and CYBER 73
series computers.

The Appendix has two subsections. The first gives
listings of main programs. The second section gives listing

of subroutines and function subprograms required for execution

of the main progytams.
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PROGRAM PLTPAT (INPUTYOUTPUTTAPESRINPUTyTAPEGBUUTPUT ¢ TAPLK)

COMPUTATION OF BIFURCATED TWIN PNIELECTRIC SLAB LUADED RECTANGULAR
WAVEGUIDE ARRAY ELEMENT RApIATION CHARACTIERISTICS,

REWUIRES CALCOMP LIBRARY AND SURROUTINES GIVEN IN APPENDIX D,2s

DIMENSIUN POW(10991)9ST(51),S1T1(2)¢821C2)IMORD(20)9IP(10)91w(10)
LIRC10)eJJ(10)

DIMENSIUN IBUF(1000)

REAL KoKEsL

INTEGER P1oR1oTUC10)9Q0(L10),ROC10)9SIGO(10)98IG(20)9SIGLIO(10)
COMPLEX YoYA9L109C209C19C2eaJeC3,R19R2eCH

COMPLEX 811{(20420)+821(250420)ev0

COMMOIy /ARRAY/ ALWBLIDLIR19SEPTL,TPI+EPS¢S1(2)482(2)

COMMON /CnSKRV/ Y(20)sYA(250)

COMMON /MUDES/ K(20)9KE(20) yGAMMA(20) ¢sMUDEL(20) 9 ISYM(20) sNN(20)
IMM(20) v MODOKD(20)

COMMON /Pu/ Pleul

DATA TPIsC/0,2831853071796911.80285264/

DATA AJ/(Ueel )/

CaLL PLOTS (IBUF¢}000s4)

KNTS0

INPUT> FREQUENCY IN GHZy FO# RELATIVE SLAB PERMITTIVITYs EPSH
FEEDGUIDE HEIGHTy BDy [N INCHESw® A(ALPHA)e B(BETA)s AND DCDELTA)
IN INCHES#® AND APERTURE PLAN TU=REFFRENCE PLANE SEPARATION IN
FEEDGUIDE wAVELENGTHSs ALEN,

READ (5¢800) FOIEFSyBDoAsBDsSEFsALEN

IF (EQF(5).NEL,0) GD TO 160

Alel*x(A+B+D)

WRITE (6+900) FUSEPSeAI 9BDwAsBrDoSEPALEN

INPUT> LIMITS OF SAMPLED GRATING LOBE SPACE, P1 AND 0}
READ (99¢820) PleQ}
INPUT> LATTICE VECTORS S1 AND 82, IN INCHES,

READ (S¢800) S1¢82

DD 105 J=misl

811(1)=281(1)

82I(I)=s2(I)

CONTINUVE

IGRLS]
S=81(1)%52(1)+81(2)*8¢2(2)

IF (ABS(S)eLT,ieEk=10) TGRDS)
Dxe81(1)

pysS8e(e)

INPUT> NUMBER OF MODES TO ESTARLISH ORDERINGe NMODELs emAX OF
20r#® AND FREQUENCY BAND DESIGNATION, LOHI@SLY (R HI=m,

READ (59810) NMUDEL, LUH]
IHLO® OH]T
IF (SEP+GTellE=10) IHLOD22HLQ
INPUT> SINE SPACE SCAN WAMGE AND INCREMENTS,
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READ (5+800) STHS»STHE +STH] , SPHS ¢ SPHE ¢+ SPHI
NTNRINT((STHE®STHS) /8TK]I+0,8)+1
NPHRINT ((SPHE=SPHS) /8PH]I+0,.5)+1

INPUT> NUMBER OF FEEDGUIDE MODES TO BE USED FOR APERTURE FIELV
APPROXIMATIONs NMODES# AND NUMBER UF BEAMS TO BE PLOTTEDs LUBES,

READ (59820) NMUDES,LUBES
NMENMODES+1
DO 106 Is1+NMODES

(s XaKeX o]

INPUT> NMODES FEEDGUIDE MODE DESIGNATIONS ®E,Ge9 LSE0}00
LSMO301s LSEO201%Z,

(s XeNeXpl

READ (5+830) MORD(I)
106 CONTINUE
Ir (LOBES.EW,0) GO 70 108
IF (LOBES,GT,10) STOP 'LOBESajO!

c

e INPUT> @LUBES® BEAM DESIGNATIONS IN FORM PelioR

c
D0 107 Is3+LOBES
READ (59820) TO(I)eu0(I)eRO(I)
SIGUCIIBQU(I)+QI+I+(TOCII+P1) ¥ (2xQi+ )+ (RU(I) =l ) ¥ (24P1¢])%
1(2%G1+1)

107 CONTINUE

c

o INPUT> COMPLEX LSE0200 MOpDE VULTAGE MUDIFLERe Ris AND COMPLEX

c UPPER ELEMENT HALF VOLTAGE MODIFIERy R2,

c

108 REAL (Se¢800) RisRZ
WRITE (6¢904) RI9RQ
WRITE (69910) 81982
WRITE (6+91Y%) Plo@lyNMODES

LagF0/C
ALBARL
BLEB¥|
DLEBDX
B1sBDxL
SEPTLESEPSL
c
¢ COMPUTE DISPERSIUN RELATION AT CENTER BAND,
c
catlL LSMLSE (NMUDEL)
ALENSALEN/(LBGAMMA(1))
IF CALEN,GT,1,E=05) ALENI=ALEW
ALENBALENY
CLOSCEXP(AJRTPI*GAMMA (1) XALLEN®L)
C20RCEXP (AJATPIRGAMMA (2) #ALENSL)
c
o INPUT>  mALF BANDWICTH (IMYEGER) 1N PERCEN[s IBWH AND PERCENT
c BANDwIDTH 8TEPe [STEW,
C
READ (5¢820) IBwe1STEP
NBWS25IBW1
c
C COMPUTE PERFURMANCE UVER BRaNL,
e

DO 195 JBWBLaNBWIISTEP
BWS]o40,01%(JBWeieIBW)
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FeBW*F0
IF (IBW,EW.0) GO TO 109
WRITE (69905S) BheFoePSeAleBDeAIBIDISEPIALEN
109 LaF/C
ALBARL
BLEB¥L
: IR DLW
BimBD*L
SEPTLESEPSL
B11m0,S*(H1+SEPTL)
IF (IBW,EQ.0) GU TO 109}
CatlL LSMLSE (NMODEL)
1095 CisClO%CEXP(wAJRTPIXGAMMA(1)SALENSKL)
C2BCROFCEXP(mAJ*TPIRGAMMA (2)*ALENRL)
‘ Do 130 Isie2
] $1(1)a811 (L)%
3 82018821 (1%L
‘ 110 CoMYINUE
4 Js0
E DO 116 Im1eNMODES
3 115 JaJ+l
: IF (MODORDC(J) JNEJMORD(I)) Go 10 115
: KCI)®K (J)
s KE(I)mKE(J)
: GAMMA(1)BGAMMA(J)
2 NN(I)SNNCY)
L MM(1)sMM(J)
. MODES (1)sMODEL(J)
2 ISYM(I)RTSYM(J)
] MODORD (1) sMORD(])
: 116 CONTINUE
IWRITe=y
- CALL NORM (NMODESyIWRITE)
: SPHE8PHSw»SPHI]
DO 150 IPH®i¢NPH
KNTEKNT#4
DO ti164 Is1y10
DO 1163 ITHE1,51
POW(141TH)S®100,00
1163 CONTINUE
1164 CONTINUE
SPHESPH+SPHI
CPHBSQRT (] ,»8PH¥%2)
STHESTHS=STH]
IF (IHLOJEQ,2HLO) WRITE (69920) 8PH
IF (IHLOL,EQ,2HHI) WRITE (6+930) §PH
J180
KJi1s0

Pt R gL

TU BN ofm';w RS TR D R

Rl AL S

3

:
;
§
?

TAKE THETA CUTS,

QO

DO 140 ITHRYLINTH
STHERSTH+STINH]
ST(1TH)®STH
CTHESQRT (1 ,o8TH*%2)
UsSiasCPH

Ve8STH#SPH
CIsCEXP(AJ*TPI®VHB1Y)
CuysRe/C3
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4 c
; g EVALUATE SCATTERING BLOCKS 811 anD 821
CALL SCTMAT (IHLUsNMODESsUsveS114¢821¢NMODISIG)
‘ JaJi
: KJBKJ}
: DO 117 I=ie1816
1 IF (REALCYA(I))JLEWO4) GO To 117

IF (J1,EQ,0) GO TO t1e2

DO 1161 TismisJd

IF (1,8G,816(11)) GO TO 1§17

1 1164 CONTINUE

] 1162 JsJ+d

Y . IF (J,LEL$0) GO TO 1165
KJSKJ¢1
S1G10(KJ) =]

65 816(J)s]

7 CONTINUE

1 JisJ

¢ Jasy

: IF (J2.,6GT,10) Jasio0

3 KJ18KJ

IF (LOHIEQ,2HH]) GO TO 120

Pe2*CABS(Y(1))

PosO,

COMPUTE POWER TRANSMISSION COEFFJCIENTS POR FIRST 10 PROPAGATING
BEAMS IN GRATING LOBE SEQUENCEs AT LUW FREQUENCY AND POWER
REFLECTION COEFFICIENTS, PSINPUT POnER# POSSUM OF REAL PUWER IN
ALL BEAMS AND FEEDGUIDE MODES,

AT TG T A i T el e U Sei l

OO0

DO §18 IsieJi

19G8831G6(1)

; PYm(CABS(S21(18Ge1)+321(ISG,NM))ws2)sREAL(YACISG))/P

; SEREAL(YA(IS8G))=1,0
IPTa§

IF (ABS(8)eLToeleE®10,ANDABS(SPHRCPH) LT oleE®10) IPTRIPT#}
IF (ABS(SPH={,)¢LTe14E=10,AND,186,6T,18]1G/2) IPTRIPT=2

IF (ABS(CPHwl,)olLTeleE~10,AND,186,LE,I81G/2) IPTEIPTe?
IPTRIABS(IPT)

PIS]IPT*PT

POSPO4PT

IF (PTebToleCwil) PTSY E=i0

IF (1,67,10) 6O TU 118

POW(IoITH)S10,%ALUGIO(PT)

118 CONTINUE
PRUR(CABS(SI1(1e1)eSI1(1onM))®®2)2CABS(Y(1))/P
POSPO¢PRY
IF (PRUGLT.1,E®10) PRUB] E=10
PRUBLI0.*ALOG10(PRUY)
PRLB(CARS(S11(NMo1)¢S11(NMINM) I S2)XCABS(Y(L1)) /P
POSPO+PRL

R LR A e

S U

R

B A

CHECK CONSERVATIUN OF ENERGY, TPO AND IM ARE MINUS THE NUMBER OF
DIGITS TO WHICH CONSERVATIQN OF ENERGY I8 APPROXIMATED BY
SOLUTION,

OO0

POBALOGLIO(ABS(PO®1,0)¢1,Ee80)
IPORP(
IF (IP04LT4®99) IP03e99

177

EW@WW}';W\{!W; -wv;-,—u~my,~_“,«...
R I g R T

™

|

i o mm mman mm g ke e ma b e ety soTime o m g e b 4 i e e o a oagmEi s s o4 . el T g

T e A e b

S s S AR R0 T




T T T T T g g
Y
b

T

THATO TS A A LR CRTINY 4, F T p
.
=IO O
.

oo

AT T TR AT Y RS e e

g TSI T TR 0% ¢ oL % Gawe 3 IR e s ey e g

L e

[ XsXeXg]

|
i
‘
4
*
|
5)
3
X
:

IF (PRLoLTeleE®™10) PRLE] ,Ewq0

PRLE10,*ALOG10(PRL)

CALL CONSRYV (SllosalvNMODoISIGOIN)

WRITE (0e940) STHIPRUWPRLyTPOeIMy (PUW(TWITH) 0 1Z19JR)
G0 10 130

COMPUTE POWER TRANSMISION AMD REFLECTIUN CUOEFFJICIENTS AT MIG
FREQUENCY,

V2BT1ANC0,25%TPI%S1 (1) %U) ;
VoBR1®V? "
vasCApS(vy) :
PeCABSCY(3))+CAbBS(Y(2))oVoxxn2

1F (IHLUGZNELLOHRL) GO 10 124

wrow 12 INFINITESSIMALLY THIN SEPTUM aNU RECTANGULAR GRID,

PO®RO,0

No 121 Isiedt

18G881G(1)
PTSREAL(YA(]ISG)I*(CABS(S21(1SGr1)+821(18Ge2)%V0)*82)/P
SsREAL(YA(ISG))=1,0

1PT=y
1f (ABS(S).LT.l.E'lo.AND.ABs(SPH*CPH).LT.l.t'IO) IPTRIPT+}

IF (ABS(SPHM®l ) el Toleb»10,A0D,186,6T,1816/2) IPI=]IPT=p
IF (ABS(CPH®1,) LT,1aE=10,AND,ISG, LEL,ISIG/2) IPTR]IPTe?
IPTRIABS(IPY)

PTS]IPTSPT

POBPO¢PT

IF (PTelTolEmt0) PIZ] kef0

IF (1,6T7,10) GO T0 121

POWCIoITH)SIO ®ALUGIO(PT)

CONTINUE

PRISCABS(Y(1)%(S11(1e1)+811(1e2)8y0)%x%2)/P

POSPO+PR]

IF (PR1eLTo1,E=§0) PRIB] ,Ewy0

PR1®$10,*¥ALOGL1O(PRY)
PREBCABRS(Y(E)#(S11(201)¢811(292)8v0)u%2)/P

POSPU+PR?

CHECK CONMSERVATIUN UF EMERGY,

POSALOGIO(ABS(PO®1,0)+],E=8()

I1PORPO

1t (IP0WLT4=99) [POm=99

IF (PRE.LT.I.E'IO) PRZII.E'10

PR2810,%ALOG10(PRR)

CALL CONSRV (8131+821¢NMUDy181IG01IM)

WRITE (64940) STHIPRIIPR2yIP0D¢IMy (PUN(T2ITH) 01810 J2)
6o TO 130

CASE 2> THICK SEPTUM OR TRIANGILAR GRID,

Pa,0%p
Pos0,0
DO 125 ImieJ}

186G8816G(1)
PYSREALIYA(ISGI)*CABS(((821(18G1)*Cu+S21(18GINMIXCI)*C1+

1(821(18SGs2)3C4+821 (1SGINMe1)RCE)RC2%RV0)X¥2) /P
SEREAL(YA(ISG))=1,0 178
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125
c

; ¢

a ¢

A

3

E:I

] 130

: 140

E c

‘ ¢

E

4

&

%';'

3 1410

; 1411

: 143

"

b

L

E 142

IpTx}

IF C(ABS(S)elTelaEm10ANDABS(SPHICPH) LT oleE®10) IPTEIPT+}
1F (ABS(SPH®1 ) L.TolsE®10,AND,18G,6T,181G/2) IPTS]IPTe2

IF (ASS(CPHel ) olTolob=10,AND,18G,LE,181G/2) IPTS]PT=2
I1PTEIABS(IPT)

PTsIPTHPT

PosPO+PY

IF (PTolTol4E=10) PIx] E=i0

IF (1,6T,10) GO TU 125

POW(IoITH)Z10,*ALOGIO(PT)

CONTINUE

PRUSBCABS(Y (1) ((S11(191)%CUsSI1(1oNMIXKCI)¥CLI+(811(192)%CH
14813 (L oNMe1)CI)XC2%V0)%%2) /P
PRUSPRUSCABS(Y(2)X((S11(2+1)%CH+S11 (2 NM)¥CIINCI4(S11(292)%C4
14811 (29NMeL ) %CI)RC2RV()*%2) /P

POBPO+PRU

IF (PRUGLT,1,E=10) PRUB] kw0

PRUSI0,%AL0OGI10(PRU)

PRLECABS (Y1) ((S1I(NMyL)%Cq+S11 (NMoNM)IRCI)I*C+(S11(NMe2)2CY
¢85 1 (NMoNMeL ) XCI)IRCRRVN)*¥%2)/P
PRLEPRL+CABS(Y(2)¥((S11(NMyo1)#Cu+S1I(NMELINMIRCIINCLH
$(SI1(NMe L ¢2)BCU+ST I (NMeLoNMe1)XCTIRCRVL)*%2) /P

POSPO+PRL

CHECK CONSERVATIUN OF ENERGY,

PoeALOGLOCABS(PU®] ,0)+1.E=8)p)

IPOSPY

IF (IP0,LT4*99) 1P0z=99

IF (PRLoLTolsE"l10) PRL'I.E'IO

PRLE10*ALOGIO(PRL)

CALL CONSRV (S11¢821¢NMUD9I81IGIM)

WRITE (69940) STHePRUIPRLyIPOIIMy(PUW(TIoITH)IB1vJ2)
CONTINUE

CONTINUE

PRINT BEaM DESIGNATIONS,

1182501+

18621816G/2

DO 4y Islede

DO §410 1i=14 OBES

IF (SIG(I)GNELSIGO(IL)) GU T0 1410
Jy(ll)y=]

60 10 t4t!

CONTINUE

IR(I) =y

IF (S16G(})«6GT,18G) IR(I)=2
IP(1)8(SIG(])=1=(IR(I)=1)%I8G) /10 "Ft
I1I(1)=81G(])mi=0le(JR(T)®1)s1SGm(IP(T)+P1)*]G}
CONTINUE

WRITE (6¢950) (IP(I)e]Q(I)eIR(T)yI814Jd2)
IF (KJ1,EQ.0) GO TO 143

DO 142 I=miskJ}

IR(])s!

IF (SIGJ0(I)eGT,18G) IR(I)®p
IP(I)E(SIGI0(])»i={JR(])*1)%18G)/]10=P}
10(I)28I610(1)eieQia(IR(T)wi)*ISGe(IP(])+P1)¥]0}
CONTINUE

WRITE (60960) (IP(I)elR(1)erR(I)o22834KJIE)
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c
C
¢

150
155

160

800
810
820
830
900

904
905

910
915
920
930
940

950
960

IfF (LOBES,EQ,0) GO 10 150
IF (KNTLEQqel1) CALL PLOT (049450"3)

PLOT eLOBES»® BEAMS

CALL PLOT (0,9,202)

ISTRT=}

LOBESMINO(U4yLOBES)

CALL PLTCAL (AeBoDoFIEPSIAL\BDIDX DY oSEPIPOWISIGOsLOBEVWISTRT e JJy
1STeSPHeIGRDINTH)

Ir (LOBES,LE.4) GO 10 150

CALL PLOY (0,942¢2)

LOBESMINO(49LOBES®Y)

ISTRTaS

CALL PLTCAL CAsBrVeFoEPSoAL ¢BDoDXyDYoSEPIPONISIGO«LOBE2ISTRT ¢ JJ
§8TeSPHeIGRDINTH)

IF (LOBES,LE,.8) GO TO 150

CALL PLOT (0.ve2902)

LOBESMINO(2yLOBES=8)

I18TRT=9

CALL PLTCAL (AeBoDeFIEPSIAL ¢BDeDX¢OYsSEP+PORISIGOILOBE2ISTRT ¢ JJ
18T +SPHeIGRD¢yNTH)

CONTINUE

CONTINUE

6o 10 100

CALL PLOY (0q4902¢2)

CaLL PLOTY (10,00,09999)

ENDFILE 4

CALL EX]T

FORMAT (8F10,0)

FORMAT (IS594A2)

FORMAT (1615)

FORMAT (A7)

FORMAT ({H1s46X937HDUAL FREQUENLY ARRAY ELEMENT PATTERNS,///»
ISXe1IHELEMENT DATAB /210X ySHFU &8 ¢FS,295XsbHEPS 3 ¢FS5,295X04HA =
CFSe30SXeUHB B oFS 39/ 0 iUXeBHALPHA & sFS,31SXeTHHETA = +F5,345X
JOHDELTA 8 sFSa39SXIQHSEPTUM 3 oFS,39SXeJUHALEN/LAMBDA = ¢F5,34/)

FORMAT (SXe31B8HVOLTAGE MONIFTERSB ¢/ 010XeSHRT & 92FT,401HJe5X,
I1SHR2 & 22F T dy1InJe/)

FORMAT (1M1910X9oTHCASEL sFU.2+2HFO9//010XedHF 3 9F5,245Xy
JOHEPS 8 ¢FS,295Xe4HA & ¢F5,2¢5Xe4HB 2 9F5,39/010X¢s8HALPHA &
CFSe3oSXeTHBETA & sFSo3eSXe8RDELTA 8 oFS,J9SKeGHSEPTUM 2 +¢5,3,
ISXITHALEN 3 9FS439/)

FORMAT (SxeliHARRAY DATARs/,10XoU4HS]L ZoFbe30 1M gFS,5¢SXyu4ns82 =9
1F6e301He¢FS,.3)

FORMAT (10X94HP] S91395X94HQ! B91305X9BHNMODES 29139/ 910X,
124HALL DIMENSIONS IN INCHES,/)

FORMAT (1H19SXoliHSIN(PHI) 3 «FS,2¢//7/701XeTHEIN(TH) sSXe3HPRUISXy
I3HPRLYTXe3HIPO 92X 12HIMeIX 931 HPOWER IN EXCITED BEAMS (DR) w=a¢//)

FORMAT (1M1 9SXelIHSIN(PHI) 3 +FS5,20/7/7 01 XeTHSIN(TH) +SXe3IHPR]L ¢e5Xy
JINPR2TXe3HIPOICX92MIMeIX 93y HPORER IN EXCITED BEANS (DB) emae//)

FORMAT (2XoFS42¢08Xe 20 XoF6e291X)o3X02(1X0l303X)010(1XeFb,201X))

FORMAT (/¢SXe8HPeGeR B 926X,10(iXoI2eiHroi2riNee11))

FORMAT (//45X¢28HSPACE MODES NOT PRINTED ARES ¢/ ¢eSXeB8HPyUek =
110CRCI201He) o ]193X))

END
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PROGRAM DESMOD (INPUTYOUTRUTTAPFSSINPUTTAPEGBQUTIPUTsTAPET)

COMPUTATION OF FIRST FUUR ROUTS OF SYMMETRIC AND ANTIeSYMMETRIC
LSE AND LSM MODE DISPERSION RELATIUNS WITH M=0 FOR TwIN DIELECTRIC
SLAB LOADED RECTANGULAR WAVEGUIDNE IN RANGE §1,LE.k¥A/24AND,
KX¥A/2.LE, 4,

CREATES DATA FILE INPUT FOR PROGRAM LESGN,

DIMENSION BB(16J)¢6(16)

REAL K(16)9KA2

COMMON /WAVGD/ AeBeDB12TRI(EPS

DATA CPI,TP1/3,756964667+6,283185308/

INPUT> A(ALPHA)y B(BETA)s AND D(DELTA)y IN INCHESH# GUIDE HEIGHTy
Ble IN INCHES# AND RELATIVE SLAB PERMITTIVITY. EPS,

READ (S5¢800) A9BeDeBIWEPS
IF (EOF(S).NE,0) CALL EXIT
AAm2.%(A+BeD)

WRITE (6¢910)

WRITE (6+900) AeByDyB1IEPS
WRITE (7+900) AeBsDyBLIIEPS
EPSUBSGART(EPS=1,0)

Do 110 Imirele
BB(])u=EPSQe] Ee' 0

CONTINUE

KA2m,97

00 130 I=m3e10}

Ka2sKpae+0,03

FeCPISKA2/AA

CALL FOURMDS (F¢BB)

Do 120 Jsiele
K(J)SKA2%8B(J)

TeKA2*¥2eK (J)%ABS(K(J))
G(J)SSQRT(ABS(T))

IF (T,LT406) G(J)BeG(J)
8g(J)=BB(J)=1,0

IF (BB(J),LT,»EPSG) BB(J)mwgPSO¢t E=}0
CONTINUE

WRITE (7+900) KAQ

WRITE (64900) KAl

WRITE (7e900) (K(J)oJmig1p)
WRITE (64900) (G(J)eJmiste)
CONTINUE

60 10 100

FORMAT (8F10,0)
FORMAT (8F10,6)
FORMAT (1H1)
END
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PROGRAM NESGN (INPUTYOUTPUT,TAPESEINPUTsTAPEOZOUTPUTTAPELO) :

COMPUTATION OF BROANDSIDE ScAN ELEMENT MISMATLH FUR INFINLTE
ARRAY OF BIFURZATED TWIN DIFLECTRIC SLAB LUAUFD RECTAWGULAR
WAVEGUIDES  VS. K%A/2, USE Ity CONJUNCTION WITH PRUGRAM DESmMOUL
WHICH CREATES TAPEL0,

DIMENSION NM(10) oNE(10)9T1(16)97(64) 9 IMODE(2)WPT(2)4PTNB(20101)
{PR1(2)9PRIDB(2)¢881(2)+882(2)

REAL KeKEoKACIO01) MR8

INTEGER PyouleSYNM(2)

COMPLEX YoYAr811(20420)0821(250420) ;
COMMON /ARRAY/ ALBLIDLBIL,SEPTL,TPI1EPSs81(2)yS2(2) ]
COMMON /CNSRV/ Y(20)eYA(250) i
COMMON /MODES/ K(20)sKE(20U) ¢GAMMA(2U) o MUDET (20) ¢ TSYM(20) onN (20D
IMM(20) s MODORD (2V)

COMMON /PW/ P1eUY

DATA TRP1/642831853071796/

DATA IMODE »SYM/3HLSMe SHLSE ¢ JHA Y I1HS/

IWRITERQ

BV i

INPUT> SEPTUM THICKNESSe SEPTy IN INCHES® AMD LATTICE VECTORY §
§81 AND 882 IN InChES,

READ (5+800) SEPT+8814582

INPUT> NUMBER OF MOUES FOR APERTURE FIELD APPROXIMATIUN®  AND §
LIMITS OF SAMPLED GLRATING LOBE SPACEy P1 AND 07, %

READ (5¢810) NMUDES P10}

M Os1}

NOSNMOOES+!

NMODE=NMODES

READ (10+800) AsBeDyBIIEPS
IF (EOF(10)NELU) GO 10 190
AAB2 2 (A+B+D)

WRITE (69900) AABY¢AeByDySEPTIEPSINVMUDES1S8S8198829P1 eyl
APE2,./ (AAXTPT)

WRITE (64940)

Do 160 1Fsie10!

READ (10+800) XKA(IF)
APISKA(IF)*AP

ALSASAPY

8L sB¥aAP]

DLBD*APY

BiLaBI%AP|

M2Be(0,5/81L) %%
SEPTLaSEPT*APY
S1(1)mAP1%881(1)
81(2)=AP1%881(2)
82(1)=AP1#882(1)
82(2)sAP12%882(2)

8¢+7x81(2)

s.’l'sa(z)

READ (10+800) (T1(I)elminie)
1080

Do 120 Isieié
T1(1)sTI(1)/KACLF)

MOS(le})/4el ¥
182 4‘i
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Mzem0/3

D0 11U Jsisd

108104+

MgMe |

Szl oM2BRME32TL (J)XABS(TI(1))
GeSURT(ABS(S))

IF (S,LT406) GB=G

T(l0)s6G

CONT1nUE

CONTINUE

Jz1

Xmw] E+25

DO 140 121404

I (XGT4T(1)) GO YO 14y
1as14(l=1)/16

IR ([wle(IAm] )X16)/4¢+]
1csl=(lAm)) ¥ po(lbe])*y

108]

XeT(1)

CONTINUE

GAMMA (J) =X

T¢ID)mel ,E430

TE®U4¥(IAm])+IB

K(JI)BTI(IE)

GREPS®] 4+ (J) *ABS(K(J))
SsSURT(ABS(G))

IF (G.L100.) SEe§

KE(J)sS

MODESBIA/ 3¢}

MODEL (J) = IMODE (MUDE)

MODESMOD (JA92) ¢!

18YM(J)3SYM({MODE)
NMUIC)ENM(IC)¢1e]A/3
NECLC)=nE(IC)+1A/3

N3 (1eTA/3)2NM(IC)+(TA/3)2NEC(]C)
IcisICe]4/3

NN(J)ane

MmM(J)sIC)

1f (I“INEOBQOR.IchNhlo) 60 Tu 139
ENCUDE (10+910eMODORD(J)) MaNDBI(J)enN2eICH
JasJ+!

IF (JLLE NMUDES) GO TU 130

CALL NORM (ANMODESIWRITE)

Uso,

Ve0,

ISGE{3*P1+1)x(2%Q1+1)¢01 41

D0 170 1LO3MLOwMLU

LOH]®2KHLO

IF (IL0.EWe2) LOMIZ2MH]

IF (ILOLEGWe2) S1(2)30,5%812

1IF (ILOsEWe2) 8S2(2)20,5#822

CALL SCTMAT (LOHIoNMOUE 19V ,S1198210nai0L9]18]G)
IF (ILOLEQe2) GU Tu 180
PT(ILO)SCABS(S21(1SGe1)+S21(ISGetip))%%2
PT(ILO)SREALCYA(CISH)Y/ZY(1))*¥pT(ILN)

IF (PTCILO) qLT,l,E=10) PT(TI )], E=10
PYDB(ILOWIF)210,%AL0GIO(PY(TLY))
PRI(CILO)ISB05*CABS(S1I1(1o1)eg11 (1o ;0)) %82
IF (PRICILD) qLT ol 4E@lU) PRI(CILO)S kw1
PRIDBCILN)SIO*ALOGLO(PKI(I1O))
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150

160

170
180

190

«

800
810
900

910
950
940

950
Y960

PR220,S*CABS(SI1(N0s1)+SIL1(NOeNQ))®*2

IF (PR2sLT4lst=10) PR2E2],bLe10

PR2ULABZ1U,.*ALOGLV(PR?)

60 10 o0

PTCILO)SREAL(YA(ISG)/Y(1))*cABS(821(18Ge1)) %2
PT(ILO)Z2,%aRS(PT(ILO))

IF (PTCILO)oLTolok=30) PT(ILO)®) E=10
PTOB(ILUYIF)=10,%ALOGIO(PT(TLL))

PRICILO)SCABS(SI1(1e1))*%x2

IF (PRICILO)GLTeloeEwly) PRI(TLO)By =]V
PRIDB(ILO)®IND,¥ALOGIO(PRI(IL D))

CALL CONSRV (S1198521eMMUDeISIGY M)

IF (ILOEGel) WHRITE (60950) KACIF)oLOHIWPTCILO)yPTDBCILUYIF)
1PRIVB(ILN) +PR2DB M

1F (ILOEQ.2) WRITE (ov960) Ka(IF)osLOHI«PTLILU) yPTDBCILUCIF)
IPRIVUB(ILO) oM

CONTINUE

CONTINUE

60 10 100

call EX]IY

FORMAT (8F10,0)

FORMAT (1615)

FORMAT (1H1o4aXe42HVUAL FREQUENCY ARRAY ELEMENT DESIGN CURVES,
1/7/7/7910X9 L3HELEMENT DATAR /315X e3HA BoF6,395Xe3HEB 89F0ea305Xy
STHALPHA 239F0,3¢5Xe6HBETA BeF6,3¢5Xe7THDELTA S9F6,345Xe
IBHSEPTUM =9F 6,39/

W1SXsOHEFS =eFS,295Xel2ebt MODESe//9v10Xe 1 JHARRAY DATAR 4/
SI6XsUMNST SeP 6,30 H1eFS543¢5X,UHSe2 2ok b,391nesFS,3¢5XsUHP] ®e]3,y
65X 9 dHUL 3913e/7015X024RALL DIMENSTONS IN INCHES)

FORMAT (A31212.¢2)

FORMAT (2X9AT7¢3X0A092Xe3F10,S5¢14)

FORMAT (1H1e46Xe38HPONER TRANSMISSIUN FACTOR AT BROADSIDE/»
159X ¢ 12HVERSUS K%A/29//// 010K KEA/2 o1OMEXCITATIONS]OH P
2ei0H PIC(DUB) 10K PrI(DOB) +10n PR2(DHB) 10N ™ v/
310Xei0H TYPE v/)

FORMAT (ZX0FS,210X0A20dXold(2XeFT 301x)e17)

FORMAT (3XeFS,210X0A20dXe3(2XeF7,301X)010R0]17)

EnD
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SUBROUTINE LSMLSE (NMODES)

COMPUTE CHARACTERISTIC RUDTS b pT8PERSTICM melLaTlo . FOx SY. e Tndy
INHOMOGENEOQUSLY LOANED RECTALUL AR GUIULE,

DEFINITIONSE

B - GUILE dAaRKUN DIWENSION DIVIDEL oY
FREE SPACE wAVELEWGIK

EPS - RELATIVE DTELECIRIC COMSTANT (F
'.L)A(IING

aL - DISTANCE FROM GUIDE wal L 10 MEAREST
FOGE OF LOARIwG Stan swavelLbEtGTHSZ

BL - DISTANCE FRUM SLAn EDPGE TO SYeNMeETwyY
PLAGF @ AVFLENGIHSY

oL - SLAH THICRNESS ®GnVELENGTASE

SEPTL - SEFPTUN THICKNESS ~TTH RESPECT Tu FREE
SWALF WAVELENOGTH

1P1 - 6ePR T goesannne

81 - FIRST LefITICE VYeCTow

§e - SECrrny LAVTICE vBCTC®R

K - Xel i TRECTEL vAVEL L BER Tir Alr wFOION UF

GUTLF fTH RESPECT 1N FRFE SPLCE
wAVEr LYDFK

KE - Xel'[RECTFU vAVENEU RER I DIFLELTRIC
REGIPY UF GUIDE w[Te RESPECT TU FREL
SFACE cnvErudrbEr

GAMMA - LU GTTUCT CAL wAVEW G BER NORMALIZED 10
Frbe SPACE AAVENUMHER ewm ORNEKED Y
7 CrFaASInNG CUleuFF FREGWUENCY

MOOE | - MUDE TYPR (Ll.Ber LSE R 1 5Y)

1SY™ - SY'v FTI9Y (T4Eee¢ S 00k a)

NN - X el bv] i PARAMETE K

MM - Y Oerp ]t PARAMETER

MODORD - VECTO ConTaltlut “ent DE3TLMNATIONS me

ORUEREL RY INCREASIAG CUTeQFF
Fbrotie . Cy

OO0 COO00O0OOO0OCOOONO0O0N0000000000 00

BEPEXEREAREARRRRRERRERNRE KRR KBRS g KR AR AR RN E KRR R EXR S SR A RKAKRRRRREXXNEY
DIMENSION GAM(Us 093 1) o IMOPECGPT1)SU(Us100 1) 9SE(Le10s 1LY etuv(3T)y
INE(LL)
REAL KAPoKAPE¢M2B 1K oKE «KTINC
COMMON /ARRAY/ AL9BLDLBySEPTLTPI+FPSySI(2)9S2(2)
COMMON /MODES/ K(20)sKE(20)GAMMA(20) ¢ MUDELI(2U) ¢ ISYM(20)eAN(20) 0
IMM(20) +MODORC {20
A{sTPI*AL
B1uTPI*EL
DisTPI*DL
EPSIREPS=1,
EPSOBSART(EPSY)
M2B8((0,5/8)%%2

COMPUTE X FOR Ms=(

(2 X o X 2]

‘ 00 180 MODEm{ 4
MymiHS
\ IF ((MODE/2)%2.£0.MODE) MusyHA
Mis3H| SM
IF (MODE,6T,2) MIB3IMLSE
Meei0
IF (MODE,.GT,2) Mesig 186
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3
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E
7d

T

100

110

120

130
140

150

160
180

M3ISMUDE/ 3

KAPB=EPSQ¢] ,EelU

MOSB1

MgMQaM3

DO 160 Nmieil

Jai/N

Sll.()l

IF (KaPoLTe04) $20,99
KAPRJ¥KAP+ (@) ) #S0kpAP
KINCBU.314

KAPRKAPwKING

120

KAPSKAP+KINC

DIFFSDIFF]

Islel
KAPESEPS 1 +KAPXAES (KAP)
8aSQURT(ABS(KAPE))

1F (KAPE,LT,0,) 33=§

KAPEES
OIFFLEDISP (MODEYRAF s KaPEvAl BRIl 1 yEPS)
IF (1,6G,1) GO TO 120

IF (KINC LTl ,E=lu) GU TO 130
1F (ASS(DIFF*DIFF1) LE,1.E=10) Gn TU 130
Ir (DIFF®D1FFL) 13043300100
KAPER APwK INC

KINCRYBSRINC

DIFFLI=DIFF

Go 10 ton

DIFFEDIFFL

Go 10 toyan

IF (ABS(DIFF)L1,ARS(UIFF1Y) GO TO 140
6o 10 1590

KAPBKAPeKING

KAPEREPS| +KAPXAYS (KAP)
S»aSuRT(ARS(KAPE))

If (KAPE.LT.O.) SZej

KAPERS

SO0 (MODEINIMU)BKAP
SE(MODEINsMU)BKAPE
GEl,=MPBsMeARS(RAP ) X¥KAP
SsSURT(ABS{G))

IF (G LT40,) Sa=§
GAM(MQODE s NOM)) &S

CONTINnUE

CONTINUE

INCLUDE Y (I,Es0 M) DEPENDENCE

Do 183 MODE®R] 44
M3IEMODE/3

Mz Dem}

DO 182 N=m1+10
KAPESO(MODE N, 1)
KAPESSE(MUDEYNGL)
D0 183 mMOm2eM2

S0 (MODEINIMO)SKAP
Sg (MODE o NoeMY ) BKAPE
Mg (MOuM3) X2

BML BM2R &M
G2EeKAP#ABS (KAP) +1,0wbML 187
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161
182
183

185
190

200
210
220

GAM(IMODE ¢ »0)SSWkT (AL S(R2))
IF (GR2eLT,04) GAM(MODE yMeMUyBeGAM(MUDE aNMO)
CONTINUE

coniINUE

CONTINnUE

WRITE (64900)

DO 185 1zl

NMCId=0

NEC([)ay

(ol s R EFIVI

1=1

GaMmmA(])2e1 £ +30

DO 22u mNUFs144

MysS1HS

IF ((mODBE/21%2.EGMUDE) MyzyHA
Mi183n SV

IF (MUDE,G6T,2) MIS3IHLSE

M2g]0

IF (MUDE 46T,2) ™M2e1y

M3EMODE /3

DO 210 MOElymp

MgMmeml

DU €0y iNmlell

IF (GAMMAL(L) ,GT,GAM{MULEsLev0)) rp TN 200
GAMMA(I)ZGAM(MOLE viveMU)

ENCUDE (1009100 lMUDEL])) M1yttt 4
Ias2mODE

I1R3N

Icsmo

COMTINIIE

Coni InUER

ConIInUER

ORDEK mODESY

GAM(IAWlBelC)3w]l L4138
K(I)®SO0(Tav]lRy1C)

KE(1)=SE (1A9THs10)

MiBiH[ SH

TF (lasbT,2) 21=3nl SE

IF (LALT,3) M (IL)sMi(IC)+y

IF (1a,067,2) RECIC)SME(IC)+y
NswM(IC)

I¥ (1a.67,2) wesnve()C)
IC13IC=IA/Y

MODEL (T ) st

NN({])ENe

MMOT)STCL

I8YM(]1)=1HS

15 ((JA/72)%2,E0,1A) 18YM{[)stnrA
ENCUDE (10994009 mUDURDCT)) Myen2eted
WRITE (64920) IrOUFE(I)eiDDORD(T ) 4GAMA(] )91
Tal+t

IF (T, LE,MMUDES) GO TU 119G
SECISECUNIL(X)

WRITE (be930) SEC

Re TURN

FORMAT (1hi)
FORMAT (A3+A142]12.2) 188
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FORMAT (SXeABsSA18T¢SaeFin,8eHXe18)
FORMAT (5xeF20,39 BH SFCORDS)
FORMAT (A3s212,2)
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FUNCTION DISP(MyKIKE9sA9BIDIER)

c
( COMPYTE DISPERSIUN RELATION DO(KyxE) FOR ARBITRARY K AND KE
c
¢ DEFINITIONS>
c M - MODE FUNCTION DESIGNATION « SEE CODE
c K - XeDIRECTED wAVENUMBER IN AIR REGIONM
c WRT K0
¢ KE . XeDJRECTED WAVENUMBER IN DIELECTRIC
¢ REGION WRT KO
c A - ALPHA/LAMBODAO
c B . BETA/LAMBDAO
€ ) . DELTA/LAMBDAO
c ER - ) RELATIVE PERMITTIVITY OF SLABS
c
CERBESERRERERERRSERRXEERSRRRRERSRE R RN R RA AR SR RERSERRRR KRR NS XS R AR RN R EREEX
REAL KoRE
SASSINC(K®A)
CAsCOSC(K*A)
$anSINC(K%*B)
CesCOSC(k*B)
SDSSINC(KE*D)
CDBCOSC(XE*D)
SKABSXOX(K®A) XA
SKBESXOX(k*B) %8
SKERSXOX(KE*D)*D
S188IGN(1 40K}
828SIGN(1,9KE)
60 TO (1009330c1200130)¢ M
c
c LSM SYMMETRIC MODES
c
100 DISPRERSKSSARSIS(CBACOoERIKXSB*31¥SKE)
DISPBDISP¢CAX(ERSKESBR*S1%CD4KEXSNXS2%CH)
RETURN
c
¢ LSM ANTI«SYMMEIRIC MODES
c
110 DISPBERSSA*SIS(SBACDIERKSSKEXCBI+CAX(KERSDHS2RSKEERSCVERCB)
RETURN
c
¢ LSE SYMMETRIC MODES
c
120 DISPRSKAS (KEXSDAS2¥(BoKSSBRS14CD)¢CAR(KHSHES13SKERCBHCD)
Re TURN
C
c LSE ANTIeSYMMETRIC MODES
c
130 D19PBSKAR (CORCDwKEXIKB*SD*82)¢CA8(SKRXCD+SKEXCR)
RETURN
END

190
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SUBKROUTINE WORM (NMUDESyIwRITE)

SUBROUTINE NURM (OMPUTES THE FLFDGUILE #“UDE NORMALIZATIONSy AND
VALUES FOR THt COEFFIFIENTS APPFARING 1w THE EXPKESSIONS FUR VHAT
ANO IHAT ®FOR wHICH SEE DOCUMFATATIONE,

NOIE® THE COEFFICIENTS BoPebiP E2F)FPIBROP+LDPebiuPyE2DP mAY BE
REAL OR IMAGINARY oKOT COMpLEX®E, ALL UTRER COBFFICIENTS ARE
ALWAYS REAL, ALSUy MORMALTZATIONS CARRY AN ADDITTONAL f/LAMBDA
DEPENDENCE wHICH CANCFLS IN SCATTERING MATRIX COMPUTATIONS, HUI
NOT IN MUDE FUMCTTON COMPUTATUIONS,

DEFINITIUNS> SEE SURRUUTIME (SMLSE

SUFFIXES>
P . PRIME (LSM MODES)
pP - DULBLeE PRIME (LSE MGDES)
$ - SYMMETR]IC
A - ANTlaSYMMETRIC

ERERABRNANRRI AR R RA RN R R RN RN R KRR R AR R RN R A E S NN R AR R AR RN SR RN RN
REAL KAP KAPE yKoKE ¢NPSyNPA9LNPSyNDPA
COMMON ZARRAY/ ALsRLIDLIBIL (SEPTI o TPT+EPSsS51(2)e882(2)
COMMON /COEFS/ BIP(10)+B2P(10)eBIDP(10)+REDP(LI0)eCPLI10)sCLP(L0)
LEIP(10)0E2P(10)eELDP(10)9E2DP(LU)yFP(L0)eFDP(I0)otPS(LI0)eNPACLIO)
ENDPSC(LU) o NDPA(L0) v KQUNT(20)

COMMON /MODES/ NAP(20) +KAPE (20)9GAM(20) 9MUDET(20) 9 TSYMI(20)

INN(20) oMM (20) ¢ MUDORD (20)

AxTPI®AL

BaTPIxBL

DeTPIsvL

IF (IWRITELEG,1) wWRITE (64900)
18830

1L 8MARO

ILSES=0

ILStAm0

DO 140 [sisNMODES

KsKAP (1)

KESKAPE(T)

AKSK®A

BKkeK%p

DKESD*KE

MODERMODEL (1)

IsYMEISYMI(])

MzMM(])

1F (MODE,EQ43HLSE) GO TO 119

L8M MODES
IF (I8YM,EQ,1HA) GO TO 100
SYMMETRIC

ILSMSE I SMS+1

KOUNT(1)=1L8MS

B{P(ILSMS8)=C0OSC(BK)

B2P(IL.SMS)BEPSHRPSINC (BK) /KE

BeP(ILSMS)BBRP (JLSMS)#SIGN(Y s K)XSIGN(1,9KE)
CP(ILSMS)I-SINCCBK)t(Cosc(DkE)*CnsC(BK)#SINC(DKE)/BZP(ILSMSJ)
CP(ILSMSJICP(ILSMS)/SINC(AK)

191

TR R A R TR IR . e—" - st H
I ————t 4 e

-

E>

e

S ot e Gt A2

AL 1 g R,

il S 20N ek A Lon

w0 B 5 0 i 2 T AR, B0l SR

AN DAEN 1 A Brwal Lans P& ims s w41 en & 2ln st aliihe barSta B¥E s



AT T T W e b

ANORMZ0 S*BIL*(BL*S] (2, ¥BK)4(DLXSL (2, #NKEI*IF(JLSME) #%2+0L *82(2,*
IDKE)®STGN(] . eKE)*¥B2P (1L SMS) x*2) /FPS
2e2,UFHIP(ILSMS) *B2P (ILSMS) *nL 233 (DKL) *SIGIN (14 0KE )/EPS
J4AL 481 (2,%AK)SCP (L 8M5)*%2)

NPS(ILSMS)ISSORT(ABS(ANOKM))

GO D 130

PR

ool AR

ANTlaSYMMEIRIC

o

]
- T OO

00 ILSMARTLSMA+1

KOUNT(1)=ILSMA

BL3BLXSIGN(],9K)

E1P(ILSMA)=STHNC(BK)

E2P(ILSMA)E=FP3KA¥COSC (LK) /KE

FPCILSMAYICUSC (BK)I®(COSCIDKE ) @KE xTAM T(BRI*SINC (LKE)XSTON( o9 KE)/
1(EPS*K) )*SIGMN (149 )/SIMNC(AK)

FaE P (ILSMA) 2P (ILSMA)

ANODRMEO (SaB1L # (BL¥S2{c *BKI¢DL* 181 (2 FORE)SLIP(ILS A KX ¢
1(S2(2FUKE)*ER2P(ILSMA) #%2e2 #FXST(NKLE) ) *SIGN(1 4 9KEDI/EPSY
EAL®SL(2.%AK)SFP(ILSNA)#%2)

NPACILSMA)SSART(ABS(ANNRM))

BLeBL®SIGN(],49K)

GO 10 130

&
¥

ARG AT I NIRRT ey (7 P R LT TR AR ST R
EATTE NI PR LR VL JONET REE L S W19

FETR g W

AT
L]

RURELAS Sl

MR Ti 1 ol L S il

LSE MODES

A 28 Qe B E R b 8 5 4 At e TG ¥ 2 M i e o]

s
- YOO

10 RMESL L0
IF (MJEQ,0) RM32,0
IF (ISYMEQ.1MA) GO TO 120

. o
;3 ¢ SYMMETRIC ;
c 3

ILSESuILSESY! g
g KQUNT(I)31ILSES L
o B1DP(JILSES)SCUSC(BK) 1
B2OP(ILSES)SK*SINC(BK)XSTGN (1, yn)w8IGN(149KED/KE ;
COP(ILSESISCOSC(RRIX(LNSC(DKF )oK aTANT(BRI*SINCILKE)I*SIGN(Y 9K )/NE) 2
1#8IGN(14eK)/SINC(AK) ;
ANORMEO ,SkRMEQIL ¥ (B *¥51 (2, %pK)+0L % (81 (2, ¥UKE)XRIDP (JLSFS)I w24 ;
1SIGN( 1ot KE)#(S2(2.,%DKEI*B2NP(ILOFS) *¥%2=2 , ¥BIDP(JLSES) *
2B2DP (JLSES)*SI(DKE))I+ALKS2 (2, ¥AK)¥STLN(T o K)XCDP(TLSES) *»2)
NOPS(ILSES)ESWRT (ARS(ANURM) ) k
S 60 TO 130 {

ANT]leSYMMETRIC

DR AT e N T A e T R

YO

e ILSEAZILSEA+S
- ALBAL®SIGN(f,9X)
§ BLEBL®SIGN(],9K) !
: KOUNT(1)sILSEA {
: E{DP(ILSEA)==SINC (BK) %
E2DP(ILSEA)ZK*CUSC (8K ) /KE :
FOP(ILSEA)B=SINC(BKI*(COUSCINDKE)I+KASINCLOKE)/ (REATANT(BK)I)/STnC (AR
1)
FEELDPUILSEA)®EQDP(JLSER)
ANORMS( ,S¥RMABILX(BL*¥82{2 ¥RKI+D! 2 (S1 (L, ¥UKE)*FIDP(ILSEA)Y#%2+ H
; SSIGN(] s oKEIS((S2(2 ¥0KE ) ®E2DP(TLSEA) #%¥2e2 ,0¥FXSI(DKE))) )+ :
| CAL#S2(2,%AK)SFDP([LSEA)*#%2)
NDPA(ILSEA)ESORI(ABS(ANQURMY)
ALSAL®SIGN(],9K)

s
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130
140

900
910

BLesLxSIGM(1,9eK)
IF (IWRITELEQ,0) GN TU 14y
WRITE (09910) T oKaKEeGAMCT) MUDURP(L)PANORM

CONTIN
RETURN

Ut

FORMAT (1H1eSH I

110H

FORMAT (1Xol3e1Xe3F10.Se2X0a79iXxek10,5)

END

MUDE

s 1UH

e 1UH K
NORKAE2 | //)
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SUBROUTINE SCTMAT (LOHI¢NMDDES+UQyV09S11+821¢NMODSIGE)

SCIMAT CUMPUTES 1HE FEENGUINDE « FREE SPACE SCATTERING MATRIX
BLOCKS 811 AND 821 FUR An INFINTTE RECTANGULAR GRTD ARKAY OF
TWIN DIELCTRIC SLAB LOADED RECTANGULAR WAVEGUIDES,

LATTICE VECTURS S1 AND 82

LOH] SPECIFIES AnICH FREQUENCY RaND elLOHIZ2HLO FOR LUW FREQUENCY
BANDs LOmWIz2nHl FOR HIGH FREWUENCY RANUZ,

NOTER IF THE SEPTUM THICKNESS 18 NNT EQUAL TO THE wALL THICKNESS
LOMIz2HLUe AND THE HIGH ANp LO# FPREQUENCY UNIT CELLS ARE
IDENTICAL,

DEFINITIONS>
LOHI - g2HLN, FOK TRIANGUL AR GRIVD UR THICK
SEPTUNM® 22HMTy FOR THIN SEPTUMe HIGH
FREQUENCY BANDe AND RECTANGULAR GRID
NMUDES - NUMBER OF FEEUGUIDE MONES USEpD TO
APPROXIMATE APERTURE FIELD

uo - SIN(THETA)XCNS(PH])

vo . SIN(TRETA)XSIN(PH])

St - FEERGUIDE SELF REFLECTIUN SCATTERING
RLOCK

52! - FEEPGUIDE TU SPACE MOUE VOLTAQE

TRANSVMTISSION COBFFICIENT

NMUD " NUMBFR OF FEEDGUIDF MQODES IN UN]IT CELL
S$IG1 - MUMHER UF SPACE MODES ® 2%P1x(1l
Y - FEENGUILE MODE ADMITTYANCE

YA SPALF MUDE ADMITTANCE
x%* FQOR UTHEA NDEFINITIONS SEE SUB LSMLSE *xx

SUFFIXES>» SgbF SURKOUTILE MOKW
RERKER SRR T NN RN R RE RN RSN R KSR R R ARy KA RS R AR B RN ARSI ERR AR RN AR R RN RN K ERES

DIMENSION AM(20)

REAL KAPsKAPE ¢KoaKEsNPSetvPAINDPS NDPAWKZL oKT(250) 9kX(250)¢RkY(250)

COMPLEX KZ2oAJeCUERM(250) vESMI250620)9811(20020)0YoYAIEXPBL(250)
1821(250020) 9EXPHB(250) ¢ TRIP(20420)yINTOLRL

INTEGER PyRePLlewi18]Ge8IGL19S1IGR

COMMON /ARRAY/ ALBLOULIBIL,SEPTL ¢ TPI9EPSeS1(2)s82(2)

CoMOn /ZCNSRV/ Y(20)eYA(250)

COMMUN /CUEFS/ BIP(10)982P(10)eBIDP(10)¢BRDPLL0)sCP{1U)eCDP(10)
JELPCL0)sF2PCY0)9EIDPLI0)eE2PP (10 oFPCLO)sFDPCLIO)INPS(I0)yNPALL0)
ENDPS(10) 9 nDPACLI0) s KOUNT(20)

CoMMOn /COSSIN/ SKAPAL(20)sCKAPAL(20U) s SKAPB(20)¢CKAPB(20)
18KAPD(20) 9 CKAPD(20) ¢ SkXAL(250) 9CKXAL(250) 1SKXA(250) sCKXALR250)
2SKXB(250) +CKXB(250) ¢ SKXD(250) 1 Cr XN (E50)

COMMUN /MUDES/ KAP(20) oKAPE (20)9nAM(20) ¢ MUDE(20) 0 ISYM(20) W NN(20)
§MM(20) ¢MODORD (20)

CoMmOn /PW/ PeQ

DATA AJ/(0q401,4)/

100 AxTP1xAL
BsTPI%6L
DsTRI&DL
BBETPI*b1L
SEPSTPI#SEPIL
FPSUS],./TpT*%2
Pi=2*pe]
N1E2%e}

OO0 0O00O00O000000O0000
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1¢0
130

S1Gis2*P1xQ}

816es81G1/2

NMODSNMODE S

IF (LOM]I EQ.2HLO) NMOD®R2RNMODES
DO 110 N=m)oNMODES

KESKAPE(N)*D

WeKAP(N)*A

XaKAP(N)x%xB

AM(N) =0 S*MM(N) /BLL

TeGAM(N) /(1 .=k AP(N)®ABS(KAP(N)))
Y(N)SCMPL_ X(T40,)

IF (GAM(N) LT 40e) YIN)SCMPLX(049T)
IF (MODE(N)EG(3HLSE) Y(N)®y,/Y(N)
SKAPAL (N)Y®BSINC(w)

CKAPAL (NYSCOSC (W)
SKAPB(N)=SINC(X)
CKAPB(N)=COSC(X)
SKAPO(N)®SINC(KE)
CKAPD(N)BCOSC(KE)

If (LOWI,EQ,2HH]) GO 10 110
Y(N¢NMODES)RY (N)

CONTINUE

COMPUTE INVERSE LATTICE

Ta81(1)*82(2)=82(1)%x81(2)
CELLASY +/SQRT(ABS(T))
TIIQ/T

TiXaT%82(2)

T2XseT1%81(2)

TiY®=T%32(}%)

T2YBT#81(1)

81620

COMPUTE FREE SPACE WAVE NUNBERS AMD WAVE AUMITTANCES

No 130 Lsiee
LizeeL
RLisL1
LisL=]
RL2=L
Do 130 JisiyPl
JeJlepal
UgUUL+J*T 1 x
VeVO+J%T1Y
DO 130 Kim190t
SIGES]G+1
KeKloye]
KX(SIG)SU+K*T2X
Ky(SIG)sveKsTRY
KZ131 ,oKX(SIG)**2=KY(SIG)*»)
AARSQRT (ABS(KZ1))
KZSCMPLX(AAYOD,)
IF (KZ1,LT40,) KZ‘CMPLX(O.OOAA)
KT(SIG)ESGRT(ABS(],eKZ1))
IF (AAGLT,1,E=10) GU 10 120
YA(SIG)®BRLI/KZeKL2¥KZ
Go 10 130
YA(SIG)SRL2¥KZ
CONTINUE
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160
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COMPUTE SINES AND COSINES oF Kx#(ELEMENT DIMENSTUNS)

DO 14y SI1GS1+816G!
TakXx(S$1G) %A
SkXAL(81G)=8IN(T)
CKkXAL(SIG)=C0S(T)
TakX(SIG)*U
SKXD{SIGIESIN(T)
CxkXL(SI6)BCOS(T)
TeKAx(SIG)*B
SKXB(SIG)=SIN(T)
CkXb(SIG)BCUS(T)
TakKx(SIG)S(A+E+D)
SKXA(SIG)BSIN(T)
CkXA(SIG)=CUS(T)
TeKY(SIG)»8H
EXPUI(SIG)BCEXP(AJXT)
TesKY(SIG)s(BR¢SER)
EXPB(STG)SCEXP(AJAT)
CONTINUE

COMPUTE COUPLING COEFFICIENTSe ESN(SIGN)

DO 18y NmieNMODES

TesAM(N)®%2

T2sAM(N)

IF (MM(IV) ,EQ,0) T281,0

DO 160 SIGS1¢8SIGI

T18AB8(KRY(S1G))

1F (ABS(TeTi%x%2),LT,1,E210) GO TN 150
COEFM(SIG)B(1,"EXPBI(S1G)*(al )saMM(N))I¥T2/(ToT %22)
IF (MUDE(N),EQ43HLSE) COEFM(S]IG)SCOEFM(SIG)*KY(SIG) /TR
GO 10 155

COEFM(S1G)R0,5%AJ*BB

1F (MM(N) EW,0) CUEFM(SIG)S2,*CUFFM(SIG)

1F (MODE(N) JEW,3HLSM) CUEFM(SIG)BCOEFM(SIGI*IICH(1,9KY(STG))
COEFM(SIG)SCOEFM(SIG)*CELLA

CONTINUE

DO 170 8IG=1,81G1

LR2}

IF (S1G,GT.51G2) LR=2
ESN(SIG'N)’XNfGNL(kX(SIG)!KY(SIB)0K1(310)!LR'SIG'N)
ESN(SIGoN)SFPSQ*COEFM(SI6)*ESN(SIGN)

IF (LOW1,EQ,2HKHI) GO TO 170
ESN(SIGyN+NMODES)IBCONJG(EXPR{SIG) )*ESN(SIGIN)
CONTINUE

CONTINnUE

FORM SCATTERING MATRIX BLOCKS Sf1 AND 821

FORM MATRIX TRIPLE PRODUCT
MAT(TRIP)ISMAT(CONJG(ESN) I*MAT(YA)*MAT(ESN)
AND MAIRIX FOR INVERSION,
DIAG(Y)#MAT(TRIP)

DO 210 lAsiyNMOD
D0 200 IB=i NMOD
TRIP(IAIB)B(0,00,)

e L
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St11(IAIB)E(0,490,)

IF (1A.EQ,I8) Si11(IAe]lR)B2,xY(1A)

Do 190 SIGEie+SIGI
TRIP(IAQIB)ITRIP(IAOIB)+C0NJG(ESN(SIGoIA))‘YA(SIG)*ESN(SIGOIB)
CONTINUE

CONTINUE

CONTINUE

DO 220 1AsisNMOD -

TRIP(IA+IAISY(IA)*TRIP(IA,I)

CONTINUE

CSIMEG RETURNS MAT(S11¢DEL(1¢J3Y WHERE DEL(IsJ) 1S THE KWRONECKER
DELTA FUNCTION

Call CSIMED (TRIPINMODS11enMUNYKS)

SOLVE
MAT(821)aMAT(ESN)#MAT(S114DEL(Ivd))

DO 250 SIG=1,3161

DO 240 1Rm1NMOD

821(81G+18)8(0,00,)

DO 230 [AsiNMOU

821(816+1R)8S21 (SIGyIH)+ESM(SIGTAIXSI1(TAVIR)
CONTINUE

CONTINUE

CONTINUE

SOLVE
MAT(SI1)eMAT(S11+0EL(T¢Jd))

DO 260 IAsiNMOD
$11(TAarlAa)s8ti(lAvIA)=1,0
CONTINUVE

RETURN

END
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COMPLEX FUNCTION IMTGRL (KX KYoxTyLkySIGoN)

FUNCTION INTGRL COMPUTES THE TaTEGRAL (Ih X) PORTION NF THE
COUPLING COEFFICIENTSe ESN(SIGeM)

NOTE> MNEMONILS ARE CHOSEAn 1N COINCINE wITH NOTATION IN REPURT

DEFINTTIUNS>

K X - XeNIRECTED wAVENUNBER OF LOHMF WKT KO

kY - YeDJRECTFL AAVENUMBER NF LNBF wWRY K¢

KT D) TRANSVERSE WAVENUMRER NF LOBE wRY KO

LR . 2j¢ FNR EaMODESK =2y FUR HeMOPES

816 - NUVMBER UF GRATING LURE N INTRRuAL
OKNERTNG

N - NuMRER UF APERTURE MOUE Ty INTERMAL
ORDERING

#%% FOR OTHEW PEFILTITTIONS SFE SUB LSvLSE »¥*

SUFFiXES> SEE SUBROLTINE MNORM
EERERRRRRERRNRYFRBEAER R R AR AR RRRRRGRAI RN AR RS RRRR BRI R RERERREARSRERRF KR

COMPLEX Ry eRQIRIIRUGZROgROIRTIRBYRGen UsAJIZ1 029230240 250269TTeTUY
ITVelULeTVIe]iPe12P

REAL KX eKY KT oKoKEINPSeMPAsADPS ¢ NDPAGKAP1KAPE

INTEGER 816

COMMON ZARRAY/ ALBLoUL o1RIL ¢SEPTL TPTeEPSeSI(2)e82(2)

COMMUN /CUEFS/ BIF(10)eb2P 110 emtDP{10)sBEOP(10)eCP(10YeCOP(10)
JEIPLI0)9E2P(10)9ELDP(Y0)sE2NPIIUY¢FPL10)sFDFI10)9nPS(10)oNPACLIO)
eNDPS(10) W MOPA(LIO) 9KOUNT(20)

COMMON /CUSSIN/ SKAPAL(20)erkAPA| (2U)1SRAPB(20)+ChAPB(20),
1SKAPD(20) 9CRAPD(2U) o SKXAL(250) v LKXAL(250) ¢SKXACR50)9CKXA(250U)

1 28K XB(250)9ChXB(250) 9 SKXL(250) ¢ Cr N (25V)
i COMMON /HMUDES/ RARP(20) s KARF (20) 9GAMI20) ¢MUDEL(20) 9 18YMI(20) 0
3 ENNC20) oMM (20) 9yMODURD (20)

EQUIVALENCE (R1vA1) e (K2082),(K3oA3) o (KUsAL) (LS AS) s (RAOYAG)Y
L1(RT9A7) o (RByAB) g (NI AY) W (R1O0WATUY$ (21 9R1) 1 (220R2) 9 (234B3) s (LUyB4)y
2{Z25+85)0(269R0)

DATA AJ/(VDer1,)/

DATA SOR2/1.,41421356237309/

=i LAY e R,
AR el .

LR O

¢
:, c INITIALIZE TEMPUKARY STNRAGF
;- c

o

ng(oo'oo)
R2E(0,00,)
RIs(0,90,)
RQSCU.OO.)
REE(0,40,)
R68(04,00,)
R7I8(0,00,)
RB8(VU,00,)
RO®(0O,90,)
R10B(0Ue00,)
21.(00’0.)
22'(00'00)
238(0,90,)
ZM'(U.OO.)
258(0,90,)
Zb'(OQ’O.)
MEKQUNT (N)
KaKAP (M)
KESKAPE (N)

-

AR

,;‘.»h' ‘W, o

TeE kAU bR

A

i E T

BT LR PISRTR TR w3 L S e
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= ko

MODEEMODE L ()
ISYMRISYME(N)

ALR3LK

ALRS] ,SeALR

IxT=a0

IF (KToLT,1,Emi0) IKkTm}

3
3
H
3
&
3
4
3
3

COMPUTE TERMS COMMON TU AL INTEGRALS

KAP ]JMAGINARY

OoOOOO0

IF (R,GT,04) 60 TO 100

TusaJ*K/ (] ,*KXABS(K))

Tui=A]
RIZ(SKXB{SIG)*®CKAPB(N)+AJRSKAPB(N)*CKXB(S8IG))/ (kKX+AJ*K)
R2S(SKXB(SIG)I¥CKAPB(N)wAJRSKAPB (N)*CKXB(8IG) )/ (KXmAJ%¥K)
RIB(CKXAL (SIG)*CKAPAL(N)+AJ*SKRXAL(SIG)*SKAPAL(N))/ (KX®AJ*¥R)
RAS(CKXAL (SIG)®LKAPAL(N)eAJsSKXAL(SIG)*SKAPAL(N))/(KX$+AJRK)
ROB(SKXAL (SIG)¥CKAPAL(N)=AJASKAPAL (N)*CKXAL(SIG))/(KXeAJ*K])
R{OB(SKXAL(SIGI*CKAPALIN)+AJ*SKAPAL(N)XCKXAL(SIG) )/ (KX+AJRK)

IR N M PR W T

RHE W ¥

KAPE TERMS

[ XsXeKe

00 TaABS(KX)
TverE/(EPSeKEX%¥2)
Tvis(14000,)
IF (ABS(Tekt),Gl.1,E=18) GO TO $10
RIB(1,E+27+0,)
1F (KXeLTo04) A3Z(CKXD(SIGIXCKRAPD(N)+SKXD(SIG)*®SKAPD(N) )/ (KX®KE)
RUB(L,E+27+0,)
IF (KXoeGT,0,) A4T(CKXDISIGICKAPN(N)wSKXD(SIG)*SKAPD(N) )/ (KXeKE)
ASsTPI*DL
1F (KXolLTo04) ASE(SKXD(SIG)®CRAPN(N)CKXD(S]IG)XSKAPD(N) )/ (KxwKE)
AemTPIXDL
IF (KXeGToe0o) AOGE(SKXD(SIG)#CHRAPD(N)CKXD(SIG)2SKAPDIN) )/ (KX¢KE)
Go 10 120

110  A3E(CKRXUD(SIG)®CRARPD(N)+SKXD(SIGI*SKAPUIN)Y )/ (KX®KE)

A (CRXD(SIL)#CKAPD(N)SKXD(SIG)SSKAPDINY)/(KX+KE)

B LR g R AT B N R

S

1
%
:

- ASE(SKXD(SIG)*CRAPD(N)=CKXD(SIG)#8KAPD(N) )/ (KXwKE)
- . A6B(SKXD(SIG)*CRAPD(N)+CKXN(SIGI*SKAPDIN) )/ (KX+KE)
LR c

% c KAP REAL

3 C

;. 1¢0  IF (KeLT40e) GO TU 14y

1 TUSK/ (1 4mK%¥32)

i Tul=(140004)

IF (ABS(T=K),GT,1,Ew15) GO TO 130

- A1s1P]*BL

& IF (KXeGT,0,) ALS(SKXE(SIG)®CRAPR(N)+SKAPB(W)SCKXB(SIG) )/ (KX¥K)
) AgsTPl*BL

% . IF (KXeGT404) ACB(SKXB(SIG)ACRAPR(N)=SKAPBIN)ACKRXB(SIG))/ (KX®K)
: R7IS(1,E+427¢0,)

IF (KroelToe04) A7Z2(CKXAL(SIGYRCKAPALIN)4SKXAL(SIG)*SKAPALIN))/ (KX=K
1)

983(10&’2700')

IF (KX4bT,0,) ABB(CRXAL(SIG)®CKAPAL(N)®SKXAL(SIG)¥SKAPALIN))/ (KX*K
1)

Ag=TPI*AL

IF (KXelLT,0,) A9S(SkXAL(SIB)YXCKAPAL(N)»CKXAL(SIG)#SKAPAL(ND )/ (KXmK
I

199

t
. '
yaj

sk

ERC I IR P LI 2. DIPRE 3 AV

2%frmuntat 20

- AT B e

(OIS IR Y 5

OR 7 S PPy




e e B vkt e e Ikt e e e el P A e S AN e W S S B e P R SR RO o S T s B
L e S S R S e e~ 1 =D JRER.. PR ﬂ

e

wp o A A

- AL0uTPI*AL
i (JF (KXAGTL00) A10RCSKXAL (S16)ICKAPAL (N) +CRXAL (S16)#KAPAL (N) )/ (KX+
- K) \

6o TO 140

130 A1S(SKXB(SIGI*CKAPB(N)+SKAPRB(N)®CKXB(SIG) )/ (KX+K)
AR (SKXB(SIG)®CKAPB(N)=SKAPB(N)SCKXB(SIG) )/ (KXwK)
ATS(CKXAL (SIG)*CKAPAL(N)+SKXAL(STGI*SKAPALIN) )/ (KX®K)
' ABS(CKXAL (SIG)*CKAPAL(N)SSKYAL(STIG)*SKAPALIN))/Z (KX¥K)
A9S(SKXAL (SIG)*CKAPAL(N)wCKXAL(STG)*SKAPALIN) )/ (KXeK)
ALOB(SKXAL(SIG)*CKAPALIN) +CkXAL(SIGC)*SKAPALIN)) /(KX+K)
140 A1182,8KX/ (KX¥¥2eKERABS (KE))
A128B2 XKE/(KX$¥2oREXABS (KE))
AL382 %KX/ (KX*¥2eKNABS(K))
AL4Z2 FK/ (KXRK2uKRABS(K))
IF (MODELEQ,3HLSE) GO T0 329
IF (ISYM,EQ,I1HA) GO TU 230

Ay At

o 2 3 VNS e o, raten

RN P i 2 Sl et
-

e A AL NS A LS 3 14 L e S Fad” Won

LSM e SYMMETRIC AND LSg = ANTISYMMETRIC

OO0

45 IF (A3aGToloE¢25.0R,AU,GT,1 ,E+25) GO TO 150
Z18(RI+RU=ALL)XSKXB(SIG)
228(Ty1%A12eRI+RUISCKXB(SIG)

232 (R3wkdmTV1%A12)%8KXR(S16) ;
2us(Af1=R3I®RU)XCKXR(SIG) !
6o TO 180 :

150 IF (A3®AL,GT,1,E+50) GO TG (70
1F (AU.GT.1,E+25) GG TO 180
B13eSKAPD(N)*32/K¢E ;
B2syl ;
BIsB1#SKXB(SIG) ;
B82=B2*ChXB(SIG)
RizeB|
Rys=B2 :
GU TO 180 :

160 BISSKAPD(N)*%2/KE
Beswb|
RIBBI*SKXB(SIG)
R2su2s{kxB(SIG)
BIsp!

RusBe

Go TO i8¢

B2%0, {
B3s), :

: RBym),

. 180 1f (A7.GT.1.E#ES.UR.AB-GT.1,5+25) 60 10 190
258 (A13=RT=RB)*SKXA(81G)
Z68(TUISAJWU=RTRB)*SKXA(S]G)

60 T0 220

190 IF (A7%AB,GT.1,E+50) GO Tu 210
IF (A8,6GT,1,E+425) GO TO 200
BSSIKXAL(SIG)SSKAPAL (N)*%2/k
BoseiS ;
GO 10 220 %

€00  BSBwSKkXAL(SIG)*SKAPAL(N)*82 /K ;
BesdS ¢
60 10 220 :

210 B58(0,

Bo3(.
220 IF (MODEEQ,3HLSE) GO TO 34p

:
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R R T
.

TY'(!.'O.)

11PBRI+R2+(HIP(M) ¥ (214 (RS+Rg)*CKXR(S51G))

J¢TTaB2P(M)%(Z22+4 (RS5=R6)®SKXR(816G)))/EPS
SeCP(M)R(2S+(RO*RIVISCKXA(SIG))

12PSTUS (R2=RI )+ IVE(BIP(M)X(73+(KESaR6)*CKXB(SIG))

14B2P(M)E(2Ue (RSERO)ISSKXB(SIG))I+TUSCP (M) ¥ (264 (RY=R10)*¥CrRXA(SIG))

T AT

T e e AR E T

L8M e SYMMETRIC

ot e et
A

wlTH EeMODES
INTGRLEBKXEIIPe]12P*KY®%2 3

TR TR RS e T

wllH HeMQOES

(e X ol o] OO OO0

A e PR

1F (LRoEG,2) INTGRLBKYXIIP+X*KYSR]2P
IF (IKT FWel) INTGRLEBIIP/SQRR2

1F (IKTGEW,0) INTGRLEINTGRL /KT
INTGRLEBINTGRL/NPS (M)

RE TURN

e ITE S e A i M Qs Tt

e Tt T DT WU ey i D TR T e

LSM = ANTISYMMETKIC AND LSE « SYMMETRIL

R ¥ ) 2 I ALY SPAp - S S

nNOOO

30 IF (A3,GT.1,E4+259,UR,AU,GT,1 F425) GO TO 240

: 218(A{1=R3wRU)XCKXR(SIG)

g 228(TV1%A12=R3I4+RU) ¥3K XA (SIG) :

: 238(TVI*A12«R3I+RU)XCRXB(8IG) |

Z4S(R3I+RU=A]1)¥SKXB(S1G) ;

g 60 10 270

;o 240  IF (A3%A4,GT.14E450) GO TO 260 :

C IF (A4qeGT,1,E¢425) GO 10 250 |
\ BISSKAPU(N)##2/KE ;

s S
R B et g

B2s=Bji
Bi{sB81sCKYB(SIG)
B2sB2*SKXB(SIG)
; B3s=B|
- Buympe
60 TO 270
25%0 BiseSKAPD(N)*82/KE
Besul
BimB12CKxB(S16)
g2sg2x8kx8(816)
B3sB1
' Bus=B2
g 60 T0 270
- . 260 B81s0,
B82s0,
8380,
BysoO,
270 IF (A7.GTo1sE425,0R,A8,6T,1 E+25) GU TO 280 5
258(R7+R8=A13)¥CKXA(8]G) :
< 268(R7aHBeTUISALU)SCKRA(SIG) ;
: Go 10 310 :
2 280 IF (A7%A8,GT,1,8450) GO TO 300 ;

IF (AB.GT,1,E+25) GU 10 290
BSS»CKXA(SIG) *SRAPAL (N)®%2 /K
BeseBS

60 10 310

290 BSECKxXA(SIG)*SKAPAL(N)*»2/K

-
1




A Wil =T WSS S0 R g - e - . e T B S e A K £ A T T T A e i g -
5 ~ = = S Vi - o e e e b e g 3

# ' %

x g- B

, & ool

3

§ ‘ ; Bo®BS . :
P : G0 10 310
: i 300 8580,

8em0,
, 310 IF (MODEEQ,3HLSE) GO TO 339
: 11PBR2eRI+TUIR(EIP(MIR(Z1+(RS+ROISSKXB(S]IG))
.o JeTVISER2P (M) X (22 (HSwRO)YXCKXR(SIGYI)*SIGN(1,9KE) ) /EPS
2¢TULREP(M)®(25+(RO+R10)#SKXA(SIG))
: \ 12PBTUS(RIGR2)¢TVRTULR(EIP(MIB( 23+ (RSaRO)*SRXB(SIG))
T ‘ 1eTVIRERP (M) ®( 24+ (RS¢RO)FCKXR(SIG))I*SIGN(L49KE))
P 2+TUSTULAFP (M) X (264 (RI=R10)#gKXA(S]IG))

L8M = ANTISYMMETRIC
wITH E=MODES
INTGRLEAJS (uKX®1P+I2P*KY®%))

FI A g b T

WwITH HeMODES

IF (LR.EQ,2) INTGRLEAJ®(oKYaI]Pekx®*hYXI2P) -
IF (IKT.EQG.1) INTGRLBwAJ*I1p/SAR2 i
IF (IKTSEQ.0) INTGRLBINTGRL /K1 :
INTGRLBINTGRL/NPA(M) , E
RETURN

320 IF (ISYM,EQ,1WHS) GO TU 230
IF (ISYM,EQ,31HA) GO TO 145

330 1{PBRI4R2¢TVI*B2DP(M)*(23+(RS=REISSKXB(SIG))
14B10P (M) % (24+ (RS+REISCKXB(STIG) )+ TULRCOP(M)®(Zo+ (RYwR10)®SKXA(SIG))

(s X2 X o] OO

AT i [T g7

1R e 4T

IR T
s 0V PR
% St s T L, 3 R S

» SRR

LSE = SYMMETRIC

wITH E=MQDES

e

INTGRLBAJSTIPaKY
WITH HeMUDES

OO0 (2 X sz NeNalN gl

Ui ek

IF (LR,EQ,2) INTGRLmeAJSKX%7{P
. I1F (IKTeEGel) INTGRLESAR2SAJ*ALREIIP
: IF (IKTLEQ,0) INTGRLEINTGRL /KT
INTGRLBINTGRL/NDPS(M)
RETURN
P 340 I1PsR2eR1eTUIS(TVIRE2DP (M) X (234 (REwRH)FCKXB(SIG)ISSIGNLL ,9KE)
- IsEIDR(M)S(Z4+(RS*ROE)*SKXB(SIGC)))+FOP(MIXR(Z64(RI=RI0)¥CKXA(SIG))

oD T e .m?; «:: o

L8E © ANTISYMMETKIC

wWITH EeMQDES
INTGRL B®I{PRKY
wITH HeMQDES

OO0 ODOO00O0000

IF (LRoEG,2) INTGKLEKX®]1P ;
IF (IKT.EQel) INTGRLE=SQR2*ALR*I1P '
IF (IKTWEG.O0) INTGRLSINTGRL /KT

INTGRLEINIGRL/NDPA (M) 202

:
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34 - -
1

E

i c SUBROUTINE CONSRV (8119821 +NMOD 181Gy IM) ‘
3

: ¢ CONSERVATION OF ENERGY CHECK .
ﬂ ¢ NOTE> DOES NOT GUARANTEE THAT ANSKER I8 CORRECT, ONLY GUARANTEES %
3 g SELF=CONSISTENCY, j
- ¢ DEFINITIONS> :
3 gc CE R . FEEOGUIDE SELF=HKEFLECTION SCATTERING ]
3 8LOCK :
3 ¢ 821 . FEEOGUIDE TO SPACE MODE VOLTAGE

; ¢ TRANSMISSION COEFFICIENT

i ¢ NMOD . NUMBFR UF FEELGUIDE MUDES IN UNIT CELL

4 c IM - MINUS THE NUMBER UF DIGITS 10 wHICH

: ¢ CONSERVATION OF ENERGY IS APPROXIMATED

1 g BY SOLUTION

] CHRRRNARERERERRRRRAREREERAREBA B RN AN RER R R R ER AR R ARRERAER SRR RERRERE S S F R KA NS

- INTEGER 816
COMPLEX 811(20¢20)0821(250020)¢8€20020)0YrYA
COMMON /CNSRV/ Y(20)eYA(250)
IMBel 0000
D0 150 IAsi NMOD
DO 140 IRsi NMOD
S(IAvIB)R(0,00,)
00 100 SIGS1+1816
S(IAVIB)RS(IAVIB)+821(8IGeIa)2CONJG(YA(SIG)®S21(SIGIR))
100 CONTINUE
00 110 NN=IyNMOD
DELRmp,
DELS=O,
g IF (NN,EQ,1A) DELRsmy,
1 IF (NN.EQ,IB) DELSEY,
! S(IAeIB)ES(IA¢IB)®(DELR®SII(NNe]JA)I*CONJGIY(NN)SIDELS»S1I(NNe1B)))
f10 CONTINVE

S T

AR e T AR S R TR AR IS T s T

} AsCABS(S(14+18)) : ;
j‘ IF (‘.Gtolot-ZOJ (t]4] TU 120 y
: 1821000

% 6o 10 130

¢ 120 1sALOGI0(A)

% 130 IMSMAXO0(TosIM)

% 140 CONTINUE

‘e §150 CONTINUE

2 RETURN o
3 END }
2 L { %
Y ! i:
%

3

204
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SUBROUTINE PLTCAL (AeByDeFogPSeA1 4Bl yDX9DYISEPIPT9S0eLOBEZISTRTY

§JJeSTeSPReIGRDINTH)

Bl A e SRR RS A MASSAASI M, e o

CALCOMP PATTERN PLOTTING RQUITIE
MAX OF 10 CURVESs 51 PUINTS EACH,

DEFINITIONS>

SPhH
1GkD
NTH

ALPHA

BETA

DELTA

FREGUENCY (GHZ)

RELATIVE PERMITTIVIIY OF SLABS
XeDIMgNSTON OF GUIDE

YaDIMENSION OF GUIDE

X GRID SPACING

Y GRID SPACING

SEPTUM THICKNESS

POWER TRANSMISSION CORFFICIENT
LOBE NUMRER IN INTERNAL ORDERING
NUMBER OF BEAMS TU BE PLOTTED
ARRAY PICKUP VALUE FOR CURRENT PAGE
LORE SELECTION VECTUR

SIN(THETA) ARRAY

SIN(PHI) OF PLOT

GRID TYPE

NUMHFR UF POINTS 10 Bt PLOTTED

BESARRRREER R R RN RN R RN R RN RN AR g R R Ry SRR E AR RSB R ARG AR ERRR AR RN A B R KK

DIMENSION PT(1051)9JJd(10)e8T(51)48T1(51)9P(51)

INTEGER 20(10)
L=t
IF (NTH,GE.21) L®s¢

e T TR

Pt TR {3 o

CALL AXIS (20030'1“ ’-1'5.00.'0.90.£)
CALL SYMBUL (U4,392¢60,10¢3H8INS0,43)
CallL GREEK (0.602055'.1500008)

CALL SYMBOUOL (W4oT702:5¢0,0791000,441)

CALL IAXIS (2,0¢3,0y30HPOWER TRANSMISSION FACTOR (DB)+30erer904
12304¢5,)
IF (IGRD,EQ.1) CALL SYMBOL (347549409010 1SHTRIANGULAR GhID90,4915)

IF (IGRD,EQe2) CALL SYMBOL (34754946041 916HRECTANGULAR GRIDyO,016) !

CALL PLOT (2,043,003)

I138ISTRTe}

DO 3100 ]2s14LORE

138]3¢¢

148JJ(13)

NieNTH

Ns(

118§

00 9! ISIieNTH
IFI(PT(IuoIJ.GT.-32.0999) Gn 10 @2
Ns

CONTINUE

NeNel

IF (N,GT,NTH) GO TO 9o

D0 93 IsNyNTH

IF (PTC(I4e1)oLEe®32,499999) GO TN 94
Nim]

CONTINUE

N2ENisN¢{

00 95 IsNeN§

P(I)SPT(tds]) 205
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L

L e T

B R At A U I e

R

g AR T

A

Gl RN 5 WDWWW‘WWWWMW‘ WWM_ BT

AR R e o

i
i
i
)
i
)

.
SR

R 2 S sy

95

96
100

ST1(1)=887(1)
CONTINUE
P(N1+1)2=30,0
P(N1+2)25,0
STI(N1+1)30,
ST1(N1+2)30,2
CALL LINE (STLLN)eP(N)N2et Llelcet)

IF (Nf{EG NTH) GO TD 96

T1anvi+t

60 10 99

CoNTINUE

CONTINUE

CALL PLOT (e2,10,923)

CaLL SYMROL (2.59v@ 7Syl edidy = g0, v4)

CALL NUMHER (99949999 9,1 ¢F,0.02)

CaLe SYMBOL (999,99099 9y ,19dp GMZy0erd)

CALL SYMBOL (SeS9=e75¢,1r4kHpa = 40,04)

CALL NUMBER (99949999, 0,19A100403)

CALL SYMBUL (999.’99900.X00H INo'Uciﬂ)

CALL GREEK (2.5'.10050.1500.9’)

CALL SYMBOUL (247Svm14UrelePHE 20,,3)

Calt NUMBRER (999.'999...1’A'n.’3’

CALL SYMBUOL (999699990, tcelip IMggerd)

CALL SYMBOUL (5,5e=1 ,94,194KB = 90 ,44)

CALL WUMBER (99949999, +419Rf{sU493)

CALL SYMBUL (QQQO'QQQQ'II'aH INO'OC'U)

CALL GREEK (2,5121,309,1540,¢2)

CALL SYMRUL (247591 ,25¢4s102H ¢0,93)

CalLL NUMBER (999,+999,¢,11R,0,9¢3)

CALL SVMBUL (999,0999 9,1 0}, IMyeQard)

CALL SYMBOUL (S,5¢%1,25¢1,1411De0,01)

CallL SYMBOL (999.’.1.30'.U7Q1hx'n.'1)

CALL SYMBOL (9991w 425141 03H = 40,13)

CALL NUMBER (99941999041 4D0x0U4e3)

CALL SYMBUL (99940999, 0,104 INgoCGoerd)

CALL GREEXK (2451214559 41500,04)

CaLL SYMBOL (20750'10509.1'2H5 10,03)

CALL NUMBER (999,9999,¢,1¢eN,0,¢3)

CALL SYMBOL (999,1999 0,194 M, y0er4)

CALL SYMROL (S,9¢=1 ,SsiviMHnedaet)

CALL SYNMBUL (999,921 554,07 ,1nYs0,e1)

CALL SYMARUL (999.r=ieDeeledp = 40,438)

Call NUMARER (999,1999,¢,1eDYe0.+ )

Call SYMBOL (999e199%¢vat vl N, e0ard)

CALL GREEK (2.5"1080'01590.!5)

CALL SYMBUL (2475121 ,750141¢2H5 ¢0,43)

Catbl NUMRBER (999.9999.0,1-598;0,.2)

CALL SYMBOUL (S50, 7Se,116KSEP =2 40, 0b)

CallL NUMABER (99909°99.0.113Ep!0.03)

CALL SYMBOL (3994999 ¢veloldp IN,y0er4)

CALL SYMBUL (3450@2,040014HpUl PLANE  SIN10,014)
CALL GREEK (4,99=2,05¢,1..0,921)

CALL SYMBOL (4,951, 0e,1¢3 = t0,03)

CALL VUMRER (999,4999,r,1¢3pPH+0,43)

CALL SYMRUL (1,45022,2%0,1+6HIEGEADI O 0h)

CALL SYMROL (1,75122,450,102¢0,vmt)

CALL GREEK (2.250%2,5+,1540,018)

CALL SYMRUL (2,3591®2,50,193 3 40 ,43)
AS=SU(ISTRY)

CALL nUMBEKR f9°9-0999.o.1vA30é6

e

2 0)

G aakk

2 e AT R AT B AT S,

P X JEn e P
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8 3y ed A B B A
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P (LUBELT,2) LU TL 110
CaLl SYUUL (Sev=2,45¢,10¢300,0%1) 3
CALL GREFR (S 512,501 419004,18)

CALL SYMROL (5,0022,59,1¢3m 2 20,4 3) 3
ASZSU(ISTHT+Y 2
. CALL UMHER (99940999041 1Age0,0N) ;
TP LLuBE.LT,3) 6U T 110 3

CALL SYMROL (1.75"2.700.101100.0-1)
Call GREER (2,251=2,750,15e0,018)
Call SYMBOL (2¢35¢9%2.7%504102H = 40413)
ASSSO(ISTRT+2)
R Call nUMBER {999,1999, 4,1 0A080t1400)

IF Lok LT,4) GO Tp 3y

CatL SYIROUL (SeomleTro1e8¢0 set)

CALL GREER (5,59%2,750 41540, 41R)

Call SYMROL (S.00@2 7S¢,1430 5 40,038)

Prsrn b3 Dot B0 s, a2 e

ASESU(ISTRI+3) 5
CALL wuwmRER (qqgn'q‘JQO’ol!AS")o'n) f
110 CALL PLUT (B,5¢m3,0,=3) :
RE TURW !

Fb
[ J )

il
CA

il I A i .

i
H

B
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100

110

120

150

140
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SUHKOUTINE FOURMDS (FoRB)

SPECIAL DISPERSION REIATINN SOLVER FUR RAPID CUMPUTATIUN OF
BLEMENT mMISMATCH AT BRGAUSIOE,

DEFITIITTUNSS
F - FREGUENCY Tw GHZ
BB - XmDIRECTEL wAVENUMBER VECTOR
A - ALPhA
H . BETA
D - NELTA
CLT . GUILE HETGHT
1Pl - 50?83100..00
EPS - RELATIVE PERMITTIVITY OF SLARS

BESERRABER KRR ORI RN RSN R A R RN AR kg AR KRR SRR AN RA AR RR R KRR GRS R AN AR A

DIMENSTIUN BB()])

Re AL KeyKE o K] NC

COMmUiv Z78AVODY/ AvdeLskRAITPTWEPS
DATA L/11,80285¢0/
TPILEIPIRE/

FPSLeEPSe],0

FEIEIIR Y

BiI=iIPIL *8

Di=iPLL *D

L0

Dy 17 MHOE=1.U

DO 160 F21ey

Lalel

Jal/h

S:l.&)l

IF (Rl Talia) 8BULY9
KeJtbp(L)+ (| w])XS*¥K

KInCS0, 314

KskeK[Mm(

e

KRK*KINC

DIFFSDIFF]

I=1+i

KESEPS1 ek 6ApS(K)
SeSYRT(ABS(RE))

IF (Xt o4LT,0,) Sze=y

KEZS
DIFFISDISPIMOUE o X o KE9 ALY Bl ot 1 ERS)
IF (T,EW.1) GO 10 120

1fF (KIHCQLEOIQE'loj 6L 10 13(‘
TF (AdS(DIFFRRIFFL) LE,1oEmy0) GP TL §30
IF (DLFF*DIFFL) 11041300800
K,KuKlNC

KINCEZy,S5%KINC

DIFF1IsDIFF

Go 10 100

DIFFBLIFFY

Gn 10 tyo

IF (ABS(DIFF)LTLARSIDTIFFY)) GO To 140
R (L) =x

G JO 160

KgKeK]NC

RR(L) 2K

CoNiInLE

208

e

FUNPP TR}

Pl SR SRLRRANA AU ne

12 2 B0

o AdaTHT



CONTINUE
RETURN
END
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SUBROUTIMNE wBET (WMODES)

SPECIAL SUBKUUTIWE FUR CKEATING L SE(NoU) AnD LSE(VMel) heykTs
DIAGRAMS

C

C

C

c

C DEFINTTIUNS>
C NMUDES
C HG

C KA

c 1MUDE
C

C

c

c

C

C

C

ETE PR TN L B Ve oy

nuMey ARGUMENT
NLRE AL T2ZF LURGITUNTINAL wavENUMBERK
K¥A/p
MOBE PDESTONATIONS
ALFRA/LAMBLAD ~
RETL /L AMBDAY
NELTA/LAMbOAG
ph (CUInE HELIGHT)/ZLAMBRAY
TPl bePtTtunqerns
EFY - RELATIVE PERMITITVITY OF S5LARS
AERRREREA R RN RER SRR R R R R RN R RIS g R AR R RS AN SR KPR AR RRR AR F AR SR RO RS KRR NS
NIMENSTON GAM(292¢2)e80(20242)08F (202¢2)
‘ REAL ROsKAIKsKEIMERyK] L
f COMMUN /KBETA/ BGIbeIUY)erd (L)) o1 MUNE (0)
- COMMON /WAVGED/ AeBe(eBFReTRT FPS
DATA (C/11,802K526/
ApAsSA+B eV
FOSC/(TPI*aR)
DFSU.H3*FO
NE210}
FPS1SEPS=1,0 !
FPSWUESRRT(EPSE) {
FeFQspt :
WRITE (64900) (IMUDEC(I)elzl,h)
nn 200 1F=1oMF
FasF+lF
KOSTEI*F/C :
KACIF)=EnO%AA :
AlsKOsa
B18RU*H
N18KO*D
MBS (y,5%C/ (RU*F) ) *x?2
DO 18y MOULE=142 )
Ml:MODE#?‘ ‘
KgetPShiel kel
Mosl
' DO 160 NS)ed
Jsis/n
Sz1,01
IF (KaLTl,ue) S50UL99 §
KsJ¥Kke(]le))*8%K :
KINCS0.514 .
KsKeak JMC ;
120
fuv0 KeKeKNC
DIFFSGIFFY
Izl+l
KESEPSL+X*ABS(K) :
SzSuRT(ABS(KE)) ‘
IF (KEoLT,0,) S&=§ %
) KEES
' NIFF1=DISV (Ml ¢KeKEsaleRIoDT EPS) é
IF (I,EG 1) GU O t20 é
1F (KINC,LTo1,E=10) GO 1N 130 :
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IF (ABS(DIFFADIFFI)LEsl t=10) GO TU 130
IF (DIFF*DIFFL) 11041300100
f10 KeKeKNC
KINCSBU,S%xkInC
DIFFisDIFF
G0 10 100
' 120  DIFFSDIFFL
GO 10 100
130 IF CABS(NIFF)L1,ABS(DIFFL)) GO TO 140
GO 10 150
140 KEK®KINC
GREPS{+KXABS(K)
SxSURY(ABS(G))
1IF (G,LT,0e) §3=S
KEES
1950  SO(MUDEINeMO)SBK
SE(MODE ' NeMU ) ZKE
Gel OmK*ABRS(K)
SsSURT(ARS(G))
1F (G.LIQUQ) 83'3
GAM(MODE ¢yNeMO)SS*KA(TF)
160 CONTINUE
1860  CONTINUE
1130
DO 190 lislel
DO 19¢ I=mie@
11311¢}
IF (J1.80,4) GO TO {90
BGCIToIF)SGAM(TeI101)
KeSO0(Ieliel)
G28wK®ABS(K)+1,.0=M2B
GeSQRTCARS(G2) )*KA(IF)
1F (G24LT40,) Ga=l
: BG(II+3¢1F )G
5 190  CONTINUE

§
?
% ‘
i
g
% :

T G T

: WRITE (0¢910) KACIF)e(RG(leIF)eImir6)
: 200 CONTINUE
o

900 FORMAT (1H1¢5Xe10N KAz VJOHXGAMMARA/2 o/15%06(2X0AT03X)0/7/)
910 FORMAT (BX1FS5,212Xe6(2X9F6,392X))
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SUBROUTINE | SEMUD 4)

COMPUTE L SE Mnué FUNLTION gY(X)

VEFINITIUNED  SEE SURRLUTTHE LSMLSE H
FESERRRRERARRRRIREREER SRR BN KA RSB QR KA R R RSN E SRR RARERE) L AXKX BB RS REERAE

DIMENSIUN VX (101)

REAL KAPWKAPE WS IMPA PG DNPA

COMMON /AKRKAY/ AL YRL UL IBIL ¢SEPTL ¢ TPToEFS9SLY)

COMMON JCUEFS, BIPLLIU) eB@FI30) ek 1P LIY) 9BEUPCLI0)eCP(L1u)sCOP(10)
TEIPCIOYoFEP (100 IDP LIV E2nP{ILY o FP(10)obNPLLI0) o1 PSI10)eMPA(L0)
ENNPS(10) o iDPL(IL) kLT (20)

CuMMOY /MENES/ KAP(20) oxARF (20) 2 0aM(Pu) oMUDE(20) 9 JSYM{20) 9N (20 )
IMa(20) evNLORD (V)

Mamti(N)

AsTrIx(aL+RL+0L)

XDELBU U2 %4

RgelPI%uL

Na=iP]s{RL+VL)

NPSROUNT ()

Bieehy,sk/4

c
C
c
c
c

ban et Y MR I R T

S MR | e 16

AN i e B RN

W

T e S S T
-

§ Nyz=50,*0/A

: TF CISYH(1) (FR,1HA) GL 1N 140
g Xzw]l,u2®A

§ bn 13y Is1e51

B Xex+ApEL

£ YzAuS(X)

IF (X,GT,u) GO TH 110

VX(IISCOP (NI #S N0 IKAF (LIS (x¢n) )2SIGN (1,9 nAP(NY)/DPS (%)

vx(102=1)yzsvx (1)

3 GO 10 130

: 110 TP (X,G1,8) GU 10 120

T2KAPE (W) *(bwX)

g Vx(1)3(BIDP (1) ) #CuUSL TV eRZDP (V1) RSTAC(T) I /UPSINT)

] vx(lU2=]l)syx(]l)

; 6o TO 130

120 Vx(1)sCOSC(KAP(N)#Y)/nnPS(h ) :
vx{i0ge]l)avx(]) :

130 coNTInUE :
GO 10 180 '

140 Xzwm],02%A 3
DO 170 l=1e5t :

Z
%
¥

k:

XX+ XDEL :
YsABS(x) :
IF (X,G1,0) GO T0 180 :
VXCI)FUP(N) ) #SINC (RAR (W) S x+p)) /MDA (TI])
Vx(lU2=T)gmyXx (1)
60 10 170
150 IF {(XeGTeB) GU 1O 1g0
TeKAPE(N)R (Hex) ?
VX(1)s(BIOP (MY )SCOSCCT)mE2Dp (NS )28 HC(T))/mUPAINY) .
Vx(j10g=])sevx(])
60 10 170
160 VX(])3eSINCI(KAP(N)*®Y) /MDPA(wY)
Vx(102=T)zevXx (1) 5
CONTINUE

C R i M

"o

pitnis HU RS S LA N

CALL PRINT/PLOT ROUTINE

CaLL PRNT (vXoIHLSE,B140Y)
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RE TURN
END
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SUBROUTINE LS8SMMOD (N)
COMPUTE L SM MODE FUNCTION HY(X)
VEFINITIUNS> SEE SURROUTINE LSMLSE

REAL KAPKAPEINPSINPAINDPSonDPASTX(10])

COMMON /AKRAY/ ALoBLODLeBILSEPTLTPTIEP8¢S(4)
COUMMON /CUEFS/ BIP(10)eB2PC10)eBIDP(10)+82DP(10)+CPC10)sCLP(L0)
FELPCLO)9ERPCIO0)vEIOP(L10)oE2DP(10Y4FR(IO0)eFDPLLIO) 9 NPS(I0)sNPA(10)
NDPS(10) «NDPA(L0) o KDUNT(20)

COMMON /MODES/ KAP(20) o KAPE (20)sGAM(20) ¢yMUDE(20) s I8YM(20U) ¢yNN(20)
§MM(20) o MODORD(20)

MMM (N)

AsTPIs(AL+BL+DL)

XpEL®0,02%A

BRe=1P]#bL

DawTPI*(RL+DL)

N{sKOUNT ()

Biseb(0,*R/A

Dis=S0,%N/A

IF (1SYM(n)EUIHAY GO 10 140

Xg=] ,(2%A

DO 130 Is)eby

XsX¢XDEL

YsABS(X)

IF (X, 6T4,0) GO TO 110
IXCLYSCPINI)SCOSCIKARP(M)®(XeA))/MPSINT)
Ix(102=])sIX(])

GO 10 130

1¢ (X,GT,8) GO TN 120

TaKAPE (W)#(BeX)

IX(I)a(BIP(N1)RCOSC(T)mu2P(MT JESTNOLT)I/ZNRS(NY)
Ix(102=1)=1x(])

Gn 10 130

Ix(l)sCUSC{nRAPINI®YY/PS(NT)Y

Ix(102=3)21x(1)

CONTINUE

60 TO 180

Xgw]02%A

Do 170 I=1¢51

XzsX+XDEL

YsApS(X)

IF (X,GT,0) GO 10 150
IXCLISFP(rY)*COSCIXKAP(N) ¥ (XeA))/NPALNY)
Ix(302=]1)s=1x(1)

60 10 170

1F (X,6T,8) GU TO 60

TaKAPE(N)*(beX)
IXCIIS(EtP(NI)SLOSC(T)mE2PINT)®ESTING(T) )/ NPACNY)
IX(lu2e]l)sw]lX(1)

Go 10 170

IXCI)SSINCIKAP(N)XY)/0PACNTY

Ix(102=])smIx (1)

CONIINUE

CALL PRINT/PLOT ROUT]AE

Call PRNT (IXye3rlSMyBlent)
Re TUNN
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SUBKOUTINE PRNT (VXoIMeB1oDy)
PRINT/PLOY ROUTINE FUR MODE FURCTIUNS

DEFINITIUNS>
VX - MODE AMPLLTUDE
M - MUDE TYPE
bl - NURMALTZED DIELECTRIC ROUGDARY POINT
D1 - NURMALJZED DIELECTRIC BOUNDARY POINT

R T L L Rt Y T I st I LIy

DIMENSION VX(1)oIX(301)9IPC102)91C(%0)
INTEGER DUTeBLANKPLUSZ2ERU 3L ASH
DATA DUToBLAMKIPLUS MINUS»2FRCeSLASH/IHolH slHt o lHme 1 MO 1H\/
IFs3HEmY

IF (IM,EQ,3IHLSM) lFz3rKHey

18L8RY

10L30}y

TBR3S2+18L

I1aL3%2e]8L

IDRES24]10DL

IDL8S2=1IDL

XMAXEQ,

DO 100 Isielot

TeABS(VX(I))

XMAXBAMAXL(XMAXYT)

CONTInUE

WRITE (6¢900) IMyIF

DO 110 1miegy

WRITE (64910 (JJoStovX(JJ)oJI2T19101421)
CONTINUE

Do 120 121410}

1850 ¥VX(I)/XMAX$0,25%SIGN(f,0VX(]))
IX(l)sT

CONTINUE

WRITE (64920) XMAX

1p(1)aDOY

DO 130 Is24102

1P(])aBLANK

CONTINUE

TP(IDL)BSLASH

IP(IBLIBSLASH

IP(IBR)SSLASH

IP(IDR)=®SLASH

D0 180 Im1+54

18]}

1B} 00=22]1

BlOoOl‘Iﬂ

Ne0

Do 140 JJIsiyi0t
11851elABS(IX(JJ))

1F (I1T.NELI) GO TU 40

NaN+§

Ic(n)sIJ+l

IP(JJ+1)8PLUS

IF (IX(JJ)elT,0) IP(JJI+1)aMINUS
IF (IX(JJ)eEG,0) JIP(JJ+1)8ZERU
CONTINUE

TIF ((11/710)%10,80,18) GO TO 1S90
WRITE (6+930) (1P(JJ)eJJisisy02)
GO T0 t60
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160

i70

180

900

910
920
930
940
950

oe

WRITE (6e94u) Ry (IP(Jd)eddaye)02)Y
IF (NEW,0) GG TO 180

DG $70 JJsteu

IR3IC(JY)

IPC(IB)sB ANK

CONTINLE

IP(IDL)SSLASH

IPCIBL)SSLASH

IP(IBR)XSLASH

IP(IDR)BSLASK

CONTINUE

WRITE (6¢950) (1=51,yIm1y101,20)

RETURN

FORMAT
1S(10M
FORMAT
FORMAY
FORMAY
FORMAT
FORMAT

(1ML 9S5X9A39BH MOUEBY (oATe1RM CUMPONENT)SLANBOAG//
100%X/ZA o10H VELAMBDA )9/

(S(3XeldaedXeEB,Ue2X))

(IHI ot uUXeTHVMAX 3 oF10,480//)

(1uXyt02al)

(SXeFS5,20102a1)

CLIXo iR UCL0r s p0nnqaoo® o /70t UXeT3e5(1TXe13)e/e58x0

17H1Q0%X/74)

END
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SUBROUTINE GREER (XyYoHeToM)

ALPHARET)
BEABAREERERNRRNRRRREREREERRAR B SR g KRR AR SR NB SRR RSN RN AN AR RRAER KR RN ERA NS

DIMENSION K(120)+L(25)

DATA K/7T741942250150H921 1021440487 79152003645¢3477¢143400342031821
3127707704 01502207T710402245¢77240151202132¢331501626435774770343377
2351594020313 0771102131 0133603525,106770770801314¢37701335444200
37715014259 354494313012210310204377¢772501128022779771101577945130
QULTTo77U 1025770162599 3141 92477 04d3203177¢0122103277477059151193435
ST7100203103102013044152503U779133307713+243404342031214J21397703
O1USUETTUUIZUTT 010241324 03Uu3e32120775Ue2d1301221¢31U20433HyT7703,
T14340337790264100TT03014240182003041054TT97720038577934Pd01312021310
BUR4303UTTolUTT o de30U0TT 0024775150312 02235048774771403G203131
QURU3r 541702128/

DATA L/1e7014915024929¢349390ub0UG95395T716P165072¢77082¢85090494y
199¢10691090319912)/

CALL CALCMP (xFoYFoIDUMymy)

HysHEXF/6,0

HYSHEYF /b, 0

TTRU.0174533%7

SeSInv(TTH)

CeCOS(TT)

CHXBCAXHX

SHXBSEMHX

CHYSCHHY

SHYBSAHY

12399

1A%l ()

gl (sviel) el

Cabl CALCMP (XeYe0O0,1)

DO 35 islAallB

Jak(ljyz1inyp

DO 3 [Isy1,2

IXRy/16

It (Ixe7) 29142

i 12300
Go 10 3

2 1ysJe{O%lX
CALL CALCMP (X4(HX*IXmSHYRTIYoY4CHYRIYISHX¥IX0][Zy1)
12899

s Jek (1)=i00%y

CALL CALCMP (X4CHEMEXF oY +SEHRXF oUN, 1)

RE TUR#

END

(o

g SUBROUTINE TD PLUT GRFEK CHARACTERS

c DEFINTIONS>

¢ X - X LOCATION UF CHARACTER

c Y - Y LOCATION OF CHARACTER

c H . CHARACTER HEIGHT

c T . PLOTTYING ANGLE

g a - CHARACTER NUMBER (SEQUENCE 1S GREEK
c
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SUBROUTINE AXISCXPAGE ¢ YPAGE ¢ IRCO (NCHAR)AXLENIANGLE ¢FIRSTVIDELTAV)
CONTAINS CALLS TO CALCMP TNSTEAD OF PLUT
CONTAINS IAXLS ENTRY PGINT = WRITES VALUES In INTEGER FORMAT

XPAGE o YPAGE COOKDINATES OF STARTING PUINT OF AX[Sy IN INCHES
I8¢ AXIS TITLE,
NCHAR NUMBER OF CHARACTERS IN TITLE, + FOR C.Ce*n SIDE,
AXLEN FLOATING POINT AXIS LENGTH IN INCHES,
ANGLE ANGLE OF AX]S FROM THE X<DIRECTIONs IN DEGREES,
FIRSTV SCALE VALLE AT THE FIRST TIC MARK,
DELTAV CHANGE IN SCALE BETwEEN TIC MARKS OnNE INCH APART
DIMENSIUN 18CoL (1)
NDECE2
INT=2
Go TO 8

ENTRY TAX]S

1r (ABS‘DEL“V).LT.I.) 60U Tn §S
NDECSe

INTSY

KNBNCHAK

ViEn=my,

lll.n

IF(KN)19242

Aze=A

KNBeK .y

Ex®040

ADX=ABS(DELTAV)
IFCADX)30703
IF(ADX=99,0)6404
APXSADX/1040

Exsgxe1,0

60 10 3

ADXBAUX¥104V

EXSEXw?! 0
TH(ADX®0,1)5¢707
XVALBFIRSTVA1Q,u**(wEX)
ADXSDEL TAV*10,0%% (= x)
STHEANGLE®*0,0174533
CTHECUS(8STH)
STHESIN(8TH)
CTHTICBCTHEVIEW
STHTICESTHRVIEN
Oxpseg, 1

POSNS, 1%
IFCVIEWSL T 409)PUSNE, 25
NyYBaPYSHisaA=(,05
XNSXPAGE+LXESC THODYRSSTH
YNSYPAGE YRS R CTHEUXRESTH

NTICSAXLEN+],0
NTRNT]C/2

Do 20 lstenilC
DxNs0,

Dynsy,

60 TO (9410)¢INT
NEGEO

I (XVALGLT 40, )NEGSY
AXVALZABS(XVAL)

NDI1G®2=nED
IF(AxVAL.GEQQQS)NUYGBI.NE(;
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10

11

1e
13

14

20

v

be

T i e .

T CAXVAL (GE9945)0vD 1680
NDXNBNDIG*0,045%CTH
DYMENDIG® 0, 045%SThH

CALL WUMRER (XMeOXN oYL Yo g0 lUSeXVAL s ANGLESMIEC)
XVALBXVAL +ADX

XNEXN$CTHTIC

YNEYNGSTHTIC

1F(nT)20011 920

2gKkn

IF(EX) 12013012

gl+7,0

Oxdme ,O7%2¢AXENFYH*VIEN

PSnx,3¢25

1P (VIEW L Toe9)PUSHE,U2S
DYBEPUSAN¥A®0, 075
XTSXPAGE+NXB¥CTADYL*ETH
YTZYPAGE4LYN*CTreLXBXSTH

Call SYMROL(XToYTg0oldoIBCHeANGLE or'!)
JECEX)14e200 14

2sKN+2

ATBATHZ¥CTHEN 14

YTSYT¢Z#8THR), 14

Cablh SYMBOL(XToeYToeQeldodrkynAnpLFoel)
X13AT¢ (3,08 THoU %8 TH) A0, 1y

YISYT4 (3, 0S5THeU 8% . R)20, 1y

CALL  MUMAER(XToYTo0auT7oEXgpaNLLE sml)
N1EnTel

CALL CALCMPCXPAGE+AXLFLXCTTICyYFAGE$AXLEN®STHTTICv001)
NxRSe,072ARS8TH

DyBaey ,07#A%CIH

AsNTI(=]

XNSAPAGE+A¥(LTHTLC

YNSYPAGE+A¥STHTIC

DN 30 IstenTIC

CALL CALLMP(Xx'veYne9Set)

CALL CALCMP(xNeDXRYI14L Y4999 1)
CALL CALCHMP(xweYlienel)

XNEXNeCTHTIC

YnSYLiabTKTIL

CoNTIwUE

RETURW

gEnD
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SUBROUTINE CSIMEQCAeNeHeMikS)
SCREEN,CSIMEQ
COCOT00%*sCSIMEG

PURPOSE
UBTAIN SOLUTION OF A SET OF STMULTANEOUS LINEAK EQUATIONS
AXzB

USAGE
CALL CSIMEQ(AINsBeiMeKS)

DeSCRIPTION OF PARAMETEKRS

A » MATRIX OF COBFPTICIENTS STOREL COLUMNRISE, THESE ARE
DESTROYEL IN THE CQoMpUTATINN, ThE 812 GF MpTklXx a 18
N HY g

B e MATRIX OF URIGIVAL COoNSTA*TS (LENGTH W Ry »), THESE ARE
RERLACED BY FINAL SOLUTTCN VALUESY MATRTX x,

N = NUMBER OF EGUATTONS

M « NUMBER OF SETS OF SOLuUTIumS

KS = QUTPUT DIGLITY
U FOR A NORMAL SULUTTON
1 FOR A SINGULAR SET 0OF EAUAITIONS

REMARKS
MATRIX A MUST HE GENERAL,
IF MATRIX 1S SINGULARe Sr.LUTINNM VALUES ArE MEAN]INGLESS,

Mg THOD
METHOD OF SOLUTION IS HBY ELIMINATIUN USING LARGEST PIVOTAL
DIVISOR, EACH STAGE OF ki IMINATION CONSISTS UF IWTERCHANGING
ROWS WHEN NECLESSARY 10 ay0ID PIVISION BY ZERG UR SwmalL
ELEMENTS,
THE FOWWARD SOLUTION YU GRTAIN VARIABLE N IS DUME I
N STAGES, THE BACK SCLUTION FNR THE UThEK VvARTARLES 18
CALCULATED BY SUCCESSIVF SURSTITUTIONS, FIMaL SOLUTIOAN
VALUES ARE DEVELOPED IN VFCTUR Be wlTH VARIARLE 1 IN R(1)»
VARIABLE 2 IN B(2)9seese,se? VARIABLE N W HB(N),
IF NO PIVOY CAN BE FUUND FXCEFDIMG A TOLERANCE OF 0400
THE MATRIX 18 CONSIDERED SINGULAN AND K8 IS SFT 10 1, TRIS
TOLERANCE CAN BE MUDIFIERD BY REPLACING THE FIRST STATFMENT,

FORWARD SOLUTJION
»

COMPLEX AyBeBIGAYSAVE
DIMENSIUN A(20020)9R(20020)
ToL=20,9

KS30

D0 200 JmisN

BIGAg(O.’U.)

SEAR., 4 FOR MAXIMUM COEFFICIENT IN CULUMN

NO 120 [sJenN
IF(CABS(BIGA)®CABS(A(IJ)))g1003200120
BIGASA(]I+J)

ImAxe]

CONTINUE
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TEST FOR PIVOT LESS THAN TOLERAMCE (SINGULAR MATRIX)

IFCABS(REAL (BIGA) )+ABS(AIMAG(HTGLA))=TOL) 13001300140

Kgm}
RETURN

INTERCHANGE ROWS 1F NECESSARY

CONTINUE

D0 150 I=JeN
SAVESBA(Je])
A(JsI)BACIMAXIT)
A(IMAXe])SSAVE

DIVIDOE EQUATIUN BY LEADING cOtFFTCIENT

A(Jel)BA(JU]1)/BIGA
CONTINUE

DO 160 Iziem
Savesg(Jel)
B(JeT)BBC(IMAX 1)
B(IMAXe]l)=8AVE
B(Jel)su(Jel)/BIGA

ELIMINATE NEXT VARTABLE

IFCJ®n) 17002800170

JisJ+}

DO 200 IsJiN

D0 180 KaJleN
A(TIK)IBA(LIIn)eA(JeK)¥A(]10J)
DO 190 Kajsm
B(IoK)SB(IoR)eB(JoK)XA(]0J)
CONTIWUE

BACK SOLUTION

NYSi=]

DO 22v Le=zstehy

Jahel 2

JyseJe+l

DO 220 k31eM

DO 220 LaJYeh
R(JoK)sB(Jok)mA(JoL)*¥B(L oK)
Re TURN

END
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IF (XeLT,0e) GO TU 100

SINCESINC(X)

FUNCTION SINC(X)
RETURN

SINCSSINH(X)
RETURN
END
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FUNCTION COSC(X)

IF (X,LT,04) 6O TO 100
coSCEcOo8(x)

RETURN

CoSCmCOSH(X)

RETURN

END
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FUNCTION TANT(X)
1 IF (X LT40s) GO Tu {00
: TANTETAN(X)
RETURM
100 TANTETANKH(X)
: RETURN
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FUNCTION S1(X)

IF (‘GS(X)QGTQ10&'15) GU 10 100
Sym2e0

RETURN

818SINC(X)/X41,0

RETURN

EnD
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PUNLTION S2(X)
IF (ARS(X)6T,14k=18%) Gu IO {yo ;

S2e0,
RETURN ;
100 8281 ,0=SINC(X)/X E
RETURN j
End
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IF (ABS(X)eGT,14F=15) GU I tyu

838040
833(SIuC(x)**%2)/AS(X)

Re TURN

FUNMCTIOn S3(X)
END

Re TURN
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FUNLTION SXUX(X)

Sxuxel,0

TP (ABS(X) ol T 1eE=10) RETURN
SXOXZSINC(X) /X

Re TUR

END
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IF C(ABSI(X) LT ,1eE®18) (50 7O 1060

Tx0x31,0

Re TURG
TXOXSBTANT(X) /X
RETURN

FUNCTLOW TXUX (&)
END
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Lecture Notes for Microwave Journal Intensive Course in
Practical Phased Array Systems, Lecture 4.
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g
% METRIC SYSTEM
% 3
; BASE UNITS:
? _Quantity _ Unit_ 1 Symbol _ _Formula _
= 4
3 length metre m
[ mass kuogram kg 3
3 time second s ;
3 electric current ampere A
s thermodynamic temperature kelvin K ;
; amount of substance mole mol
: luminous intensity candela cd
P,
3 SUPPLEMENTARY UNITS:
§ plane angle radian rad
3 solid angle steradian ST
] DERIVED UNITS: j
E Acceleration metre per second squared mis b
: activity {of a radioactive source} disintegration per second (disintegration)/s
3 angular acceleration radian per second squared rad/s
angular velocity radian per second rad’s
area square metre m
3 density kilogram per cubi. metre kg/m 1
3 electric capacitance farad F AslV ]
: electrical conductance siemens S ANV
] electric field strength volt per metre Vim
electric inductance henry H V.s/A s
3 electric potential difference volt Vv WIA 4
electric resistance ohm VIA i
3 electromotive force volt v WIA
; energy joule J N-m
E entropy joule per kelvin YK ;
: i force newton N kg-mis i
'f. ' frequency hertz Hz {cycle)'s )
, | iliuminance lux Ix lm/m
y ! luminance candela per square metre . cd/m i
luminous flux lumen Im cd-sr i
magnetic field strength ampere per metre A/m ]
magnetic flux weber Wb Vs ;
; magnetic flux density tesla T Wbim :
’ magnetomotive force ampere A . 5
i power watt w Jis ;
g pressure pascal Pa Nim !
‘ quantity of electricity coulomb C As i
3 quantity of heat joule J N-m
. radiant intensity watt per sterachan . Wise :
; specific heat joule per kilogram-kelvin . Jkg-X i
stress pascal Pa Nim ;
] thermal conductivity watt per metre-kelvin Wim-K ;
: veiocity metre per second mis :
;; viscosity, dynamic pascal-second Pass !
. viscosity, kinematic square melre per second " mis
3 voltage volt v WIA s
E volume cubic metre m
‘- wavenumber reciprocal metre . (wavo)m i
5 work joule J N-m §
; :
SI PREFIXES: ;
' Multiphcation Factors Prefix Sl Symbal :
: 1 000 000 000 0V0 = 101 tora T :
1 600 000 000 = 10° P G )
: 1000 000 = 10% mege M
,, 1000 = 10° kilo k
E 100 = 102 hecto® h :
3 10 =10 deke* da §
E 01= 10~ deci® d
3 0.01 = 102 centi® c K
E 0001 = 10~* milli m i
& - 100 micro m i
3 0 000 6UY 001 - 10-° nano n i
) 000 000 600 001 = 10- 12 pico r i
0.000 0001 D O0O 00T 107" famto i
0 000 000 000 000 GODONT 10~ stto [ ;

* To be avinded where possible




